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INTRODUCTORY REMARKS. 

IN the articles on this subject the writer proposes to furnish to any 
earnest student the opportunity to acquire, so far as books will 

teach, the knowledge necessary to erect safely any building. While, 
of course, the work will bo based strictly on the science of mechanics, 
all useless theory will be avoided. The object will be to make the 
articles simply practical. To follow any of the mathematical demon- 
strations, arithmetic and a rudimentary knowledge of algebra and 
plane geometry will be sufficient. 

The following outline will probably give a better idea of the work 
proposed : — 

First will come an introductory chapter on the "Strength of 
Materials." This chapter will give the values of, and explain briefly, 
the different terms used, such as strain, stress, factor-of-safety, 
centre of gravity, neutral axis, moment of inertia, centre and radius 
of gyration, moment of resistance, and moduli of elasticity and rup- 
ture. 

Then will follow the several formula to be used, with explanations 
giving their applications, viz. : compression in long and short columns ; 
wrinkling strains and lateral llexure in top chords of girders and 
beams; tension and shearing strains; transverse strains, including 
rupture, deflection and bending moments in cantilevers and beams ; 
parallelogram of forces and graphical method of calculating trusses 
and arches; also manner of obtaining amounts of loads. Accom- 
panyinor the above will be the necessary tables used in calculations. 

After this introductory chapter will follow a series of chapters, 
each dealing with some part of a building, giving practical advice 
and numerous examples of calculations of strength; for instance, 
chapters on foundations, walls and piers, columns, beams, nvite<l 
and other girders, cast-iron lintels, roof and other trusses, spires; 
masonry, inverted and floor arches, corrugated iron, stairs, sidewalks, 
chimneys, etc., and possibly also chapters on drainage, plumbing, 
heating and ventilating. 
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CHAPTER r. 

STRENGTH OF MATERIALS. 

(German, Festigkeit; French, Resistance des matiriaux.) 

All solid bodies or materials are made up of an infinite number of 
atoms, fibres or molecules. These adhere to each other and resist 
separation with more or less tenacity, varying in different materials. 
This tenacity or tendency of the fibres to resume their former relar 
tion to each other after the strain is removed is called the elasticity 
of the material. It is when this elasticity is overcome that the fibres 
separate, and the material breaks and gives way. 

There are to be considered in calculating strengths of materials two 
kinds of forces', viz., the external (or applied) forces and the inter- 
nal (or resisting) forces. The external forces arc any kind of forces 
aftplied to a material and tending to disrupt or force the fibres apart. 
ThiiH a load lying apparently perfectly tranquil on a beam is really 
a very active force ; for the earth is constantly attracting the load, 
which tends to force its way downwards by gravitation and posh 
aside the fibres of the beam under it. These latter, however, resist 
Pt'paration from each other, and the amount of the elasticity of all 
thef<«^ iihvvn boinj; greater than the attraction of the earth, the load 
Ih unal)lo to furco its way downwards and remains apparently at rest. 
Strain. The amount of this tendency to disrupt the fibres 
(pHxliici'd by the external forces) at any point is called the "strain " 
Ut that point. 

Struts. The amount of the resistance against disruption of 
(he iWtvvH ut Hurh point is called the *' stress" at that points 

Kxlrrnal (or uppliod) forces, then, produce strains. Internal (or 
n**^ii-linj.') fon-cs produce stresses, 

'I'IjIm (lifTiTriuo must bo well understood and constantly borne in 

ntiiHJ, as htruiuH and stresses arc the opposing forces in the battle of 

fill iiiatcrialH a;;ainst their destruction. 

-,,^, .^ W^ien the strain at every point of the material lust 

Ultlmuta • ' ... 

atr«t«« <'(nialM till' slivss, the material remains in equilibrium. 
Tin* {Mcait-st r-tn'sH, at any point of a material that it is capable of ex- 
niiii;': i-4 tin- nliiuiati' hlress (that is, the ultimate strength of resist- 
niiii) at, I hat point. Were the strain to exactly ecjual that ultimate 
vtri'Msllin material, though on the point of breaking, would still be 
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safe theoretically. But it is impossible for us to cal- pactor-of- 
culate so closely. Besides we can never determine Safety* 

accurately the actual ultimate stress, for different pieces of the same 
material vary in practice very greatly, as has been often proved by 
experiment. Therefore the actual ultimate stress might be very much 
less than that calculated. 

Again, it is impossible to calculate the exact strain that will always 
take place at a certain point ; the applied forces or some other con- 
ditions might vary. Therefore, to provide for all possible emergen- 
cies, we must make our material strong enough to be surely safe ; that 
is, we must calculate (allow) for a considerably greater ultimate stress 
at every point than there is ever likely to be strain at that point. 

The amount of extra allowance of stress varies greatly, according 
to circumstances and material. The number of times that we calcu- 
late the ultimate stress to be greater than the strain is called the fac- 
torK)f-safety (that is, the ratio between stress and strain). 

If the elasticity of different pieces of a given material is practi- 
cally uniform, and if we can calculate the strain very closely in a 
given case, and further, if this strain is not apt to ever vary greatly, 
or the material to decay or deteriorate, we can of course take a low 
or small factor-of-safety ; that is, the ultimate stress need not exceed 
many times thp probable greatest strain. 

On the other hand, if the elasticity of different pieces of a given 
material is very apt to vary greatly, or if we cannot calculate the 
strain very closely, or if the strain is apt to vary greatly at times, or 
the material is apt to decay or to deteriorate, we must take a very 
high or large factor-of-safety, that is, the ultimate stress must 
exceed many times the probable greatest strain. 

Factors-of-«afety are entirely a matter of practice, experience, and 
circamstances. In general, wo might use for stationary loads : 

A factor of safety of 3 to 4 for wrought-iron and steel, 
" " " 6 for cast-iron, 

« " " 4 to 10 for wood, 

•* *« " 10 for brick and stone. 

For moving-loads, such as people dancing, machinery vibrating, 
dumping of heavy loads, etc., the factor-of-saf<ftty should be one- 
half larger, or if the shocks are often repeated and severe, at least 
double of the above amounts. Where the constants to be used in 
formuls are of doubtful authority (as is the case with most of them 
for woods and stones), the factor-of-safety chosen should be the high- 
est one. 
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In building-materials we meet with four kind of strains, and, of 
course, with the four corresponding stresses resisting them, viz. : •— 

STRAINS. 

Compression^ or crushing strains, 
Tension, or pulling strains, 
Shearing^ or sliding strains, and 
Transverse^ or cross-breaking strains. 

STRESSES. 

The resistance to Compression, or crushing-stress, 

The resistance to Tension, or pulling-stress, 

The resistance to Shearing, or Blt<Iing-stress, and 

The resistance to Transverse strains, or cross-breaking stress. 

Materials yield to Compression in three dififerentways: — 

1. By direct crushing or crumbling of the material, or 

2. By gradual bending of the piece sideways and ultimate ruptare^ or 

3. By buckling or wrinkling (corrugating) of the material length- 
wise. 

Materials yield to Tension, 

1. By gradually elongating (stretching), thereby reducing the size 
of the cross-section, and then, 

2. By direct tearing apart. 

Materials yield to Shearing by the fibres sliding past each other in 
two difiFcrent ways, either 

1. Across the grain, or 

2. Lengthwise of the grain. 
Materials yield to Transverse strains, 

1. By deflecting or bending down under the load, and (when this 
passes beyon<l the limit of elasticity), 

2. By breaking across transversely. 

In calculating; strains and stresses, there are certain rules, expres- 
sions, and formulas which it is necessary for the student to under- 
stand ur know, and which will be hero given without attempting elab- 
orate explanations or proofs. For the sake of clearness and simplic- 
ity, it is essential that in all formulas the same letters should always 
represent the same value or meaning ; this will enable the student to 
read every formula off-hand, without the necessity of an explanatory 
key to each one. The writer has further made it a habit to express, 
in nil raj*rs, his foninihi* in pounds and inchos (rarely using tons or 
fe<*t); this will frcMpuMitly make tlii' ralculation a little more elabo- 
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rate, but it will be found to greatly simplify tlie formulas, and to make 
their understanding and retention more easy. 

In the following articles, then, a capital letter, if it were used, 
would invariably express a quantity (respectively), either in tons or 
feet, while a small letter invariably expresses a quantity (respec- 
tively), either in pounds or inches. 

The following letters, in all cases, will be found to express the same 
meaning, unless distinctly otherwise stated, viz. : — 
a signifies area, in square inches. 
b " breadth, in inches. 
c " constant for ultimate resistance to compression, in pounds, 

per scjuare inch. (See Tables IV and V.) 
d signifies depth, in inches. 
e " constant for modulus of elasticity^ in pounds-inch, that is, 

pounds per square inch. (See Table IV.) 
/ " factor of safety, 
g " constant for ultimate resistance to shearing, per square 

inch, across the grain. (See Tables IV and V.) 
g^ " constant for ultimate resistance to shearing, per s(^uare 
inch, lengthwise of the grain. (See Table IV.) 
height, in inches. 

moment of inertia, in inches. (See Table I.) 
ultimate modulus of rupture, in pounds, per square inch. 

(See Tables IV and V.) 
length, in inches. 

moment or bending moment, in pounds-inch. (See Table IX.) 
constant in Rankine's formula for compression of long 

pillars. (See Table II.) 
the centre. 
the amount of the left-hand re-action (or support) of beams^ 

in pounds, 
the amount of the rigJU-Jtand re-action (or support) of 

beams, in pounds. 
moment of resistance, in inches. (See Table I.) 
strain, in pounds, 
constant for ultimate resistance to tension, in pounds, per 

square inch. (See Tables IV and V.) 
uniform load, in pounds. 
stress, in pounds. 
load at centre^ in pounds. 
X, y, and z signify unknown quantities, cither in pounds or inches. 
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6 signiHes total dejlection, in inches, 
p^ " square of the radius of gyration^ in incbes. 
) " diameter^ in inclics. 

X " radluSy in inclics. 

tr mm 3.U159, or, say, 3.1-7 signifies the ratio of the circumference and 
diameter of a circle. 
If there are more than one of each kind, the second, third, etc., are 
indicated with Roman numerals, as for instance, a, a^ a^, a^ etc., or 

^» '^» K* Ko <?tc. 

In taking moments, or bending moments, strains, stresses, etc., to 
signify at what point they are taken, the letter signifying that point 
IH added, as for instance : — 
m i'i;;niries moment or bendin<; moment at centre, 
in J, ** " " *< point A, 

7w, " « " " point B. 

tiij, " « " " point X. 

t " strain at centre, 
*, " " point n, 

Sx " " " X 

t; ** stress at centre, 
r, " " point D, 

Vx •**■' 

w KJgnifies load at centre, 
Wj, ** " " point A, 

CENTRE OF GRAVITY. 

(German, ScJiwerpunkt ; Frencli, Centre de gravity,) 

The centre of gravity of a figure, or body, is that centre of 
point upon which the figure, or body, will balance Gravity. 

itpclf in whatever j)osition the figure or body may be placed, provided 
no other force than gravity acts ui)on the figure or Ixnly. 

To find the centre of gravity of a plane figure, find two neutral 
axes, in different directions, and their point of intersection will be 
the centre of gravity required. 

NEUTRAL AXIS. 

(German, Neutrale Achse; French, Axe ncutre,) 

The neutral axis of a body, or figure, is an imagin- Neutral Axis, 
ary line upon which the body, or figure, will always balance, provided 
the body, or figure, is acted on by no other force than gravity. The 
neutral axis always passes tliroush the centre of jrravitv, and mav run 
in anv direction. In calcnlatinsj transverse strains, the neutral axis 
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designates an imaginary line of tbe body, or of tlie cross-section of tiie 
body, at which the forces of compression and tension meet. The strain 
on the fibres at the neutral axis is always naught. Sxtreme Fibres. 
On the upper side of the neutral axis the fibres are compressed, while 
those on the lower side are elongated. The amount of compression 
or elongation of the fibres increases directly as their distance from 
the neutral axis ; the greatest strain, therefore, being in the fibres 
alont; the upper and lower edges, these being farthest from the 
neutral axis, and therefore called the extreme fibres. It is necessary 
to calculate only the ultimate resistance of these extreme fibres, as, if 
they will stand the strain, certainly all the other fibres will, they all 
being nearer the neutral axis, and consequently less strained. 
Where the ultimate resistances to compression and tension of a 
material vary greatly, it is necessary to so design the cross-section of 
the body, that the " extreme fibres " (farthest edge) on the side 
offering the weakest resistance, shall be nearer to the neutral axis 
than the "extreme fibres" (farthest edge), on the side offering 
the greatest resistance, the distance of the " extreme fibres " from 
the neutral axis being on each side in direct proportion to their 
respective capacities for resistance. Thus, in cast-iron the resistance 
of the fibres to compression is about six times greater than their 
resistance to tension ; we must therefore so design the cross-section, 
that the distance of the neutral axis from the top-edge will bo six- 
sevenths of the total depth, and its distance from the lower edge 
one-seventh of the total depth. 

To find the neutral axis of any plane-figure, some writers recom- 

iO °^^°^ cutting, in „^^ ^o ^„^ 

o«t^oj7 "^ stiff card-board. Neutral Axis. 

o^oc^j I I aduplicateof the figure (of which 

\ I n t f — \ the neutral axis is sought), then 
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-* /& — '■"Nto experiment until it balances 

' [pyeg . ; 9g^ -n J on the edge of a knife, the line 

^ m^'" — -^^-*^ ®° which it balances being, of 

1 1^ ^ ''' I I w v^ourse, the neutral axis. This 



Fig. I. is an awkward and unscientific 

method of procedure, though there may be some cases where it will 
recommend itself as saving time and trouble. 

The following general formula, however, covers everv case : To 
find the neutral axis M-N in any desired direction, draw a line 
X-Y at random, but parallel to the desired direction. Divide the 
figure into any number of simple figures, of which the areas and cen- 
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cf <aci. :£ :^ absC ar«aj. ss^irued ty tic i^r^Tr of tbe ccaCre of 
p^ii:/ '.c <tae;i ir«ft frun. JT-F. *^ v^AMe :o be divided bj tbe eazire 

Draw a Ijc ^X-F; Lsci»jc:alj (Fh:. 1). thcs lectf^ rf^ rf^ rep 
reser: tbe refpcctlxe dissa»eu free JT-Fof tiie ceatzcs of f^rmTxcr 
ci tlifr ^ul fcbdhided Jta^ Jireai o^ o^ a^ then let a ftand for 
the wLoie area of tectwii, iLai is : — 

then tbe req^ured distaaee (<f; oi xht neutnl axis IT-A" from X-F, 

wCIbe 

o 

To fiod the centre oc graTiij of the fisore, we might find anocher 
neutral axis, bat in a different direction, the point of intersection of 
the two being tbe reqoired centre of graritr. But as tiie 6giire is 
uniform, we readily see that tbe centre of graritr of the whole figore 
mu«t be balf-war between points A and B. 

Cantras of '^^ centre of grarity of a circle is aiwars its cen- 

Cravtty. tre. The centre of graTitj of a parallelogram is al- 
wsy9 the point of intersection of its two diagonals. Tbe centre of 
gravity of a triangle U found by bi-sectin^ two side?, and connecting 
these points each with its respective opposite apex of the triangle, 
the point of intersection of the two lines being the required centre of 
graritv. and which is always at a distance from each base equal to 
one-third of the respective height of the triangle. Any line drawn 
through either centre of gravity is a neutral axis. 

MOMENT OF INERTIA. 

(German, Trdgheitsmoment ; French, Moment (Tinertie^ or Moment 

de giration.) 

mm^^^^*. ^» ,^M,m. The moment of inertia, sometimes called the mo- 
Moment Of in^r* 

tia. v>«« Table I.) ment of gyration, is the formula representing the 
inactivity (or state of rest) of any body rotating around any axis. 
The reason of the connection of this formula with the calculation of 
strains and the manner of obtaining; it cannot be gone into here, as it 
would be quite beyond the scoi>e of these articles. The moment of 

' If line A-)' is ins'ule of (bisects) figure, take sum of i>roduct8 ou one aide 
only aiiil tliuluct sum of products on other side. 
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inertia of any body or figure is the sun of the products of each par- 
ticle of the body or figure multiplied by the square of its distance 
from the axis around which the body or figure is rotating. 

A table of moments of inertia, of various sections, will be given 
later on and will be all the student will need for practical purposes. 

THE CENTRE OF GTBATION AlO) RADIUS OF OYBATION. 

(German, Tr&gheitsmiUelpunkt ; French Centre de giratum.) 

The centre of gyration "is that point at which, if ^^ # n hi- 

the whole mass of a body rotating around an axis us of Ovration. 
or point of suspension were collected, a given force 
applied would produce the same angular velocity as it would if ap- 
plied at the same point to the body itself." The distance of this cen- 
tre of gyration from the axis of rotation is called the radius of gyror 
tion (German, Trdgheitshalbmesser ; French, Rayon de giraiion); this 
latter is used in the calculation of strains, and is found by dividing 
the moment of inertia of the body by the area or mass of the body, 
and extracting the square root of the quotient, or, 

?=Vr. or 

A table will be given, later on, of the " squares of the radius of gyra- 
tion" (German, Quadrat des Trdgheitshalhmessers ; French, Carrd du 
rayon de giration), 

THE MOMENT OF RF.8I8TANCE. 

(German, Widerstandsmoment ; French, Moment de risistance). 

The moment of resistance of any fibre of a body, ._ 
revolvinsc around an axis, is equal to the moment of sistance. (S«e t»> 
inertia of the whole body, divided by the distance of * 
said fibre from the (neutral) axis, around which the body is revolving. 

A table of moments of resistance will be given later on. 

MODULUS OF ELASTICITY. 

(German, Elasticitdts modulus , French, Module d'Hasticili). 

The modulus of elasticity of a given material is .. ^ . 

*^ Mod u I us of 

the force required to elongate a piece of the mate- Elasticity. (8mt». 

rial (whose area of cross-section is equal to one 

square inch) through space a distance equal to its primary length. 

Thus, if a bar of iron, twelve inches long, and of one square inch 

area of cross-section, could be made so elastic as to stretch to 
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twice its K'njjth, the force reciuired to stretch it until it were twenty- 
four inches long would be its modulus of elasticity in weight per 
stpiaro inch. 

MODULI'S OF RUPTURE. 

(German Bruchcoefficicnt ; French, Module de rupture.) 

.. ^ . ^ It has been found by actual tests that though the 

Modulus of "^ ^ 

Rupture. (9m t». different fibres of materials under tranayerse strains 
^ *° *^ are either in compression or tension, the ultimate 

resistance of the ** extreme fibres " neither entirely agrees with their 
ultimate resistance to compression nor tension. Attempts haye been 
made to account for this in many different ways; but the fact re- 
mains. It is usual, therefore, where the cross-section of the material 
is uniform above and below the neutral axis, to use a constant deriyed 
from actual tests of each material, and this constant (which should 
always bo applied to the *' extreme fibres," t. e., those along upper or 
lower edge) is called the modulus of rupture, and is usually expressed 
in ]H>und8 ])cr S(]UHre inch. 

TO FIND TUB MOMENT OP INERTIA OP ANT CROSS-SECTION. 

Nowtofindmo- Divide the cross-section into simple parts, and 

of Vny oroii-iw!? ^^^^ ^^^^ moment of inertia of each simple part 
^(on* arounil its own neutral axis (parallel to main nen* 

tral axis); then, if wo call the moment of inertia of the whole 
orv»s!»-sivtion i, ami that of ea<.»h [virt t,, t^, i\^ i,^ etc., and, fur- 
ther, if wo call the area of each part a^, a„, a^^ a^y etc., and the 
distftUiH* of tho otMitrt* i>f jjravitv of oai*h part from the main neutral 
«\J'« i»f tho wholo rro»isstvtiv>n» </., ji*.., «r* .»:'.. etc.. we have: — 
, ^,; M^^,^-|.^^, ;.,,-♦>. v,.^^,; -,1,-^! ^— ^-^ , -.1, -rL,,,)-|-, etc. 
Kt'tVrrin*; back to Fii;ur\' 1» wo sluuiid have for Tart 1: — 

•\ =r I \ t.*. (See Table I., coluaui «.) 

For Fart 1 1 wo sho\iKl have : — 

And for Tart III: — 

Nu - j^- 

Fv^r tlH> distatKV:t of itulividaal centxvs of srravicy from mjun centre 
of ;;ravit\ wx> shout, I havo lor l\iirt I : «l.-x/. 
Forl\AV: H: oV^:. 
AtU iW r ir: III: t/-*/^» 
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Therefore the moment of inertia, t, of the whole deck-beam would 
be: — 



But a,=Bx* 



J (d-^.„)«.a.„+*.A„*J 



Further, a„=sb„ha, 

And Oa, ^ b„ h^ which, inserted above, gives for 



TT"' {*■"*+! 2(d-<?„)»} 



The following table (I) gives the values for the moment of inertia 
(t), moment of resistance (r), area (a), square of radius of gyration 
((>^» etc., for nearly every cross-section likely to be used in building. 
Those not given can be found from Table I by dividing the cross- 
section into several simpler parts, for which examples can bo found 
in the table. Note, that it makes a great difference whether the neu- 
tral axis is located through the centre of gravity (of the part), or 
elsewhere. When making calculations we must, of course, insert in 
the different formulas in place of t, r, a, Q\ their values (for the re- 
spective cross-section), as given in Table L 
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TABLE I. 

DI8TANCB OF BZT&EMB FIBRES, MOMENTS OF XNEBTIA AND BBSI8TANCB, 
SQUARE OF RADIUS OF QTBATIOlf, AKD AREAS OF DIFFERENT SHAPES 
OF CROSS-SECTIONS. 
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CALCULATION OF STRAINS AND STKK8SES. 

As wc have already noticed, the stress should exceed the strain as 
many times as the adopted factor-of-safety, or : — 

^v; — V^= factor-of-saf ctv. 
otraiu 

Or, stress = strain X factor-of-safety. 

Tliis holds gooii for all calculations, and can be expressed by the 

following simple fundamental formula : — 

.. y. ,.^ Fundamental 

*' = «•/ (1) Formula. 

Where r = the ultimate stress in pounds. 
•* 5 = " strain in pounds. 
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And where /^ the faclor-of-safety. 

COMPRESSION. 

Compi«s»ion« In pieces under compression the load is direetlw 
•hort columns. i- < t -it* i # 

applied to the matenaL In short pieces, therefore, 

which cannot give sideways, the strain will just equal the load^ or 

we have : — 

Where 5 = the strain in pounds. 

And where tc = the load in pounds. 

The stress will be equal to the area of cross-section of the piece 
bein^ compressed, multiplied by the amount of resistance to com- 
pression its fibres are cajiable of.^ This amount of resistance to 
compression which its fibres are capable of is found by tests, and is 
given for each scjuare inch cross-section of a material. A table of 
constants for the resistance to crushing of different materials will 
be given later on. 

In all the formula? these constants are represente<l by the letter c. 

We have, then, for the stress of short pieces under compression : — 
V = a.c 

Where r is the ultimate stress in pounds. 

Where a is the area of cross-section of the piece in inches. 

And where c is the ultimate resistance to compression in pounds 
per sijiiare inch. 

Insortinj: this value for i% and tr for s in the fundamental formula 
(1), we havo for short pieces under compression, which cannot yield 
sidewavs : — 

a. r = tc ./' or : — 

«•="•(',). (2) 

Short Columns. ^Vhe^e w = the safe total load in pounds. 
Where II = the area of cri^s-sectioii in inches. 

And where T ' . j = the safe resistance to crushing per s(|uare inch. 

What is thr sti/n !oa / w^lrh the fjninitv cap nf a 12" x 12" pier tcill 
carri/, the ctip hciinj fir* Ire inrht'.< fhirk'f 

The cap beini' onlv twelve iuflu's hi'jh, ami as wide and broad as 



'This Is not tbooretlcally c>>rrool, rs tli«Te \» in every o.ise a t«»niiency for tbe 
mati^rial uuder conipre:)8iiuu lo 8pr«uU; but it i« iiear' euougb (jt all practical 
purposes. 
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high, is evidentlv a short piece under compression, therefore the 

above formula (2) applies. 

The area is, of course : a==12.12=144 square inches. 

The ultimate resistance of granite to crushing per square inch is, 
say, fifteen thousand pounds, and using a factor-of-safety of ten, we 
have for the safe resistance : — 

c 15000 ,.AnlU 
-X = — r— = 1500 lbs. 

Therefore the safe load w on the block would be : — 
tc=144. 1500 = 216000 pounds. 

Where long pieces (pillars) are under compres- Compreaelon, 

, . , • a. • 1 1* '1 Lone Columns. 

sion, and are not secured against yielding sideways, 

it is evident they would be liable to bend before breaking. To ascer- 
tain the exact strain in such pieces is probably one of the most dif- 
ficult calculations in strains, and in consequence many authors have 
advanced different theories and formula;. The writer lias always 
preferred to use Rankine's formula, as in liis opinion it is the most 
reliable. According to this, the greatest strain would be at the cen* 
tre of the length of the pillar, and would be equal to the load, plus 
an amount equal to the load multiplied by the square of the length 
in inches, and again multiplied by a certain constant, n, the whole 
divided by the " square of the radius of gyration " of the cross-sec- 
tion of the pillar. We have therefore for the total strain at the cen- 
tre of long pillars : — 

W^hcre s = the strain in pounds. 

uj = the total load in pounds. 
/ = the length in inches. 
p"-= the sqiiareof the radius of gjTation of the cross-section, 
n = a constant, as follows : — 

TABLE II. 

VALUE OK n IX FOUMl'LA FOK COMPRESSION. 



II 



tt 



ti 



tt 



Material 

of 

pillar. 


Both ends of 

pillar smooth 

(turned or planed.) 


One end smooth 

(turned or planed) 

other end a pin end. 


Both ends 
pin ends. 


Cast-iron 


0.n003 


0.0004 


0.00057 


Wrougbt-iron 


0.000025 


0.000033 


0.00005 


Steel 


0.00002 


0.000025 


0.000033 


Wood 


0.00033 


0.00044 


0.00067 


Stone 


0.002 






Brick 


0.0033 
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The stress of coarse will be as before : ^ 

v=za.c. 
Where v^the ultimate stress in pounds. 
<* a = the area of cross-section in inches. 
*< c=the ultimate resistance to crushing per sqoare inch. 
Inserting the values for strain, «, and stress, v, in the fondamentml 
formula (1) we have : — 

w.t^.n' 






or : — 



or: — 



Long Columns. *'t' « 

Where to = the soft total load on the pillar. 
'* a =r the area of cross-section in inches. 
« p3 == the square of the radius of gyration of the oross-tection. 
" / = the length in inches. 

<* ^ := the safe resistance to crushing per square inch. 

Example. 

What safe load will a 12" x 12" brick pier carry ^ if the pier is ten 
feet long^ and of good masonry f 

The area of cross-section will be : — 

a = 12.12 ^ 144 square inches. 

The square of the radius of gyration according to Section No. 1 
in Table I would be : — 

^, and as J=12, we have p«=:lr:l?— lo 
12 ^ 12 "~*^ 

For the safe resistance to crushing per square inchi we have, using 

a factor-of-safety of ten, and considering the ultimate resistance to 

be 2,000 pounds per square inch, 

2000 



(7)= 



= 200 lbs. 



/; 10 

The length will be ten feet, or one hundred and twenty inches ; 
therefore : — 

/»= 14400 
For n we must use (according to Table II), for brickwork : — 

n = 0.0033 ; 
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Therefore the safe total load on the pier would be : — 

^^^- 200 ^ i8?00_^ ^^ 

to=,, 14400. 0,0038 l-f3,96 
' 12 

In all formula where constants and factors of safety are used, it 
will be found simpler and avoiding confusion to immediately reduce 
the constant by dividing it by the factor-of-safety, and then using 
only the reduced or safe constant. 

Thus if c = 48,000 pounds, and ify*=4, do not write into your 
formula for (-j \^ 48000 ^ ^^^ ^^ ^^ ^^^^ ^^^ ^4, J = 12000. 

Materials in compression that have an even bearing on all parts of 
the bed will stand very much more compression to the square inch 
than materials with rough, uneven or rounded beds, or where the 
bearing is on part of the cross-section only, as in the case of pins (in 
trusses) bearing on eye-bars. It is usual in calculating to make 
allowance for this. Columns with perfectlyeven bearing on all parts 
of the bed (planed or turned iron or dressed stone) will stand the 
largest amount of compression. Columns with rough, rounded or 
uneven ends are calculated the same as for pin-ends of eye-bars. In 
the table (II) giving the values for n of Rankine's formula for com- 
pression, the different values for smooth and also for pin ends are 
given. 

WBINKLINQ BTHAIN8. 

Thin pieces of wrought-iron under compression endwise may neither 
crush nor deflect (bend), but give way by wrinkling^ that is, buckling 
or corrugating, provided there are no stiffening-ribs length- ^^'^^^^^^ 
wise. r 7 

Thus a square, tubular column, if the sides are veryV V 

thin might give way, as shown in Figure 2, which is called w^''*'^ 
wrinkling. Or, in a similar way, the top plate of a boxed f^iff* 2. 
girder, if very thin, might wrinkle, as shown in Figure 3, under heavy 
compressive strains. To calculate this strain use the - ^, ^ -^ ^ 
following formula : f- o ••Tbi 

h 

Where w^s* the amount of ultimate compression in 

HI] 

riaL 



=*(?)• «) 11 

the amount of ultimate compression in 
pounds per square inch, which will wrinkle the mate- '* 



to^ aa a constant, 

d IB the thickness of plate in inches, 
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b -^ the unBtiffened breadth of plit« in inches. 

IF a plate has stiSeain" ribs klong both edges, use for b the actual 
braadth between the BtiSeaiag ribs; if the plate is stiffaoed along 
one edge aalj, use 4b, in place of b. Thus, in the case of the boxed 
girder, Figure 3, if we were considering the part of top plate 
between the webs, we should use for b in the formula, the actnal 
breadth of 6 in inches ; wliile, if we were coDsidering the overhang 
in; part b, of top plale, we shoulil use Ab, in place of 6 io formula. 
For rectangular columns use 160,000 pounds for Wri for tubtilu 
beams, top plates of girders, and single plates use 300,000 poandafor 
, ar- With a factor^of-safety of 8, we shoulii liave l^OOCW __ jj^^^ 
pounds for rectangular columns, and ——■ — ^ 66000 pounds for 
tubular beams, top plates of riveted ginlers and single jilates. 

For 10 we siiall use, of course, — ^- = 13000 pounds, which it 



llie safe allowable compressive strain. Tbii 
Ubie for safe unstiSened breadth of wron^ 
wrinkling of plates. 

TABLE m. 



would give the following 
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Two facts should be noticed in connection with wrinkling : 

1. That the length of plate does not in any way affect the resist- 
ance to wrinkling, which is dependent only on the breadth and thick* 
ness of the part of plate unstiffened, and 

2. That the resistance of plates to wrinkling being dependent on 
their breadth and tliicknesa only, to obtain equal resistance to wrink- 
ling at all points (in rectangular columns with uneven sides), the 
thickness of each side should be in proportion to its breadth. 

Thus, if we have a rectangular column SO'' X Id" in cross section 
and the 80" side is 1" thick, we should make the 15" side but ^" thick, 
for as 80" : 1" : : 15" : J". 

Of course, we must also calculate the column for direct crushing 
and flexure, and in the cai>e of beams for rupture and deflection, as 
well as for wrinkling. 

Example of Wrinkling, 

It is desired to make the top plate of a boxed girder as wide as pos- 
sible, the top flange is to be l^" thick, and is to be subjected to the full 
amount of the safe compressive strain, viz : 1 2,000 pounds per square 
inch ; how wide apart should the webs be placed, and how much can the 
plate overhang the angles without danger of wrinkling f Each web to be 
i" thick, and the angles 4" X 4" each f 

For the distance between webs we use b in Formula (4). 

which is the safe wi'Hh between webs to avoid wrinklinsr 

For the overhanging part of top plate we must use 46, in place of 
b in Formula (4). 

/ 6G000V 
^^«= ^i \ l2(m) =^^ii' therefore, 

h, =• -^ = 9,458, or say, 6. = 9^^". 

The total width of top plate will be, therefore, including 1" for 
two webs and 8" for the two angles, or 9", and remembering that 
there is an overhanging '\rt, b^, each side, 

_65ite-- ' ^r+b+b,+b. 

= 9+3711 + 91^ + 9,', 
;l' = 65}i". 

By referring to Table III, we should 
have obtained the same result, with- 
F<t.* out the neccssitr of anv calculation. 

Figure 4 will make the above still more clear. 
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LATERAL FLEXURE IN TOP FLANGES OF BEAMS, GIRDERS. OR 

TRUSSES, DUE TO COMPRESSION. 

The usual formulae for rupture and deflection assume the Iteam, 
girder or truss to be supported against possible lateral flexure 
(bending sideways). Now, if the top chord of a truss or beam b 
comparatively narrow and not supported sideways, the heavy, com- 
pressive strains caused in same may bend it sideways. To calculate 
this lateral flexure, use the formula given for long columns in com* 
pression, but in place of / use only two-thirds of the span of the 
beam, girder or truss, that is |/, and for to use one-third of the great- 
est compressive strain in top chord, which is usually at the centre. 

Inserting this in Formula (3) we have : 

"(7) Kt) 

where a the area of the cross-sec I ion of the top chord in inches, 

9* is the square of the radius of gyration of the top chord around 
its vertical axis ; we must therefore reverse the usual positions of h 
and J, that is the breadth of top chord, becomes the depth or J, and 
the depth of top chord becomes the thickness, or h (both in formulfls 
given in last column of Table I.) 
- is the greatest allowable compressive strain in pounds at any 

point to resist lateral llexure safely at that point. 

(-; j is the safe resistance of the material to compression per 

8(iiiare incli in pounds. 

/ is the total len«:tli of span in inches. 

n is given in Table II. 

Example. 

A trussc<l f/inler is 60' lotif/ betivetn beartnf/Sf and not supported side- 

tcat/a ; the top chord consists of two plates each 22" deep and \" thick; 

the plates are 2'' apart ^ as per Figure [). The greatest compressive 

strain on top chord has ]}revionslt/ hten ascertained to he on the central 

panely and to be 525000 pounds. Is there danger of the girder bending 

sideirags ? 

The girder is safe a;j;ainst lateral llexure so long as the strain at 
centre does not exceed in Formula (5). 
Now, the area «= 2.1.22=44. 
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Using 48000 pounds per square inch for ultimate resistance to com- 
pression of wrought-iron, and a factor-of-safetv of 4, we liave 

H "^ The length is 60', or 720", therefore 
H'^ /2= 518400. 

JH From Table II we have 

l^UjJti. n = 0,000025. 

^^®^ And from Table I, section Number 16, we have 

Fig. 5. for the above cross-section, 

8 12(c/-</.) 
As we are considering the section for bending sideways, we must, 
of course, take the neutral axis x---y vertically, therefore d becomes 
4" and d^ becomes 2". This supposes the plates to be stifBy latticed 
or bolted together, with separators between. We have then 

8 12(4-2) ^ 

Then for to we have, 

3.44.12000 



^ = 1+^:51«^ 0.000025. 

_15B4000 _ 1584000 .4^6 484 lbs. 
1+2,47 8,47 

Or, we find that there is danger of the girder bending sideways 
long before the actual compressive strain of 525000 pounds has been 
reached. It will, therefore, be necessary to re-design the top chord, 
so that it will be stiff er sideways. This subject will be more fully 
treated when considering trusses. 

TENSION. 

In tension the load is applied directly to the material, and it is, 
therefore, evident that no matter of what shape the material may be, 
the strain will always be the same. This strain, of course, will be 
Just equal to the load, and we have, therefore: — 

s=to. 

Where $ = the amount of strain. 
Where w = the amount of load. 

The weakest point of the piece under tension will, of course, be 
where it has the smallest area of cross-section; and the stress at 
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such poinl will be equal to the area of cross-scctlooi multiplied by the 
amount of resistance its fibres are capable of.^ 

The amount of resistance to tension the fibres of a material are 
capable of is found by experiments and tests, and is given for each 
material per square inch of cross-section. A table of constants for 
the ultimate and safe resistances to tension of different materials 
will be given later; in all the formulie these constants are represented 
by the letter /. 

We have, then, for the stress : — 

Where v = the amount of ultimate stress. 

Where a = the area of cross-section. 

Where /= the ultimate resistance to tension, per square inch of the 
material. 

Therefore, the fundamental formula (1), viz. : »=r5. /, becomes 
for pieces under tension : — 

a. / = M?. /, or : — 

tt. = o.(-i.) (6) 

Where r/^^the safe load or amount of tension the piece will stand. 
Where a = the area of cross-section at the weakest point (in square 
inches). 

Where f — , ji^the safe resistance to tension per square inch of 

the material. 

Example. 

A weight is hung at the lower end of a vertical wrought-iron rod, 
which is firmhj secured at the other end. The rod is 3" at one end and 
tapers to 2" at the other end. How much weight will the rod safely 
carry t 

The smallc^st cross-section of the rod, where it would be likely to 
break, would be somewliero very close to the 2" end, or, say, 2" in 
diameter. Its area of cross-section at this point will be : — 

90 02 

a = — , — = 8| square inches. 

The ultimate resistance to tension of wrought-iron per square inch 
is, from forty-eiglit thousand pounds to sixty thousand pounds. We 
do not know the exact quality, and» therefore, take the lower figure ; 

^This, affain. is not theoretically correct, as a piece under tension is apt to 
stretcli and »o reduce the area of its cross-bection ; but the above is safficieDtlj 
correct for all practical purposes. 
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tuiDg a factor-of-safety of four, we have for the safe resistance to 
tension per square inch : — 

l\ 48000 _,jMOpon»i,. 



(7)- 





4 
Therefore, the safe load will be : — 

w=3\, 12 000 =87 714 pounds. 

SHBARINO. 

In compression the fibres are shortened by squeezing; in tension 
Q Q Q they are elongated by pulling. In shearing, 

however, the fibres are not disturbed in their 
individualities, but slide past each other. 

When this sliding takes place across the grain 
of the fibres, the action of shearing is more like 
^ cutting across. When this sliding takes place 
Fig. 6. along the grain, the action of shearing is more 

like splitting. Thus, if a very deep, but thin, beam is of short span 
and heavily loaded, it might not break transversely, nor deflect ex- 
cessively, but shear off at the supports, as shown in Figure 6, the ac- 
tion of the loads and supports being like a large cutting-machine, 
the weights cutting o£f the central part of beam and forcing it down- 
wards past the support. This would be shearing across the grain. 

If the foot of a main rafter is toed-in to the end of a tie-beam, and 
the foot forces its way outwardly, pushing away the block or part of 
tie-beam resisting it (splitting it out as it were), this would be shear- 
ing along the grain. 

In most cases (except in transverse strains) the load is directly ap- 
plied to the point being sheared o£f ; the strain will, therefore, just 
equal the load, and we have : — 

Where s= the amount of the shearing strain. 
" to= " " load. 

The stress will be equal to the area of cross-section (a£fected by 
the shearing strain) multiplied by the amount of resistance to sep- 
aration from each other that its fibres are capable of. 

This amount of resistance is found by tests and experiments, and 
is given for each material per square inch of cross-section. A table 
of constants for resistance to shearing of different materials will be 
given later ; in the formulas these constants are represented by the 
letter g for shearing across the grain, and j, for shearing along the 
grain. 
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We luiTe, then, for the stress : — 

Where v = tlie amoont of nltlw>«f^ iticw 

Where a = the arem of cross-sectkm In sqnmre incliM. 

Where ^= the ultiiiuUe resistjuiee to shemriiig acrois thegrmin per 
sqaare inch. 

Therefore, the fondamenul fonnola (1) «:=s.y^ be com e s for pieees 
under shearing strains across the grain : — 

7/ <*> 

And similarly, of coarse, we shall find : — > 

(8) 

Where to a. the safe-load. 

Where a »> the area of cross-section in square incheSi at the punt 
where there is danger of shearing. 

Where f ^ j »» the safe-resistance to shearing across the fibres per 

square inch. 

Where f -^ J a. the safe-resistance to shearing aUmg the fibres per 

square inch. 

Excnnple. 

At the lower end of a vertical wroughl-iron flat bar is suspended a 
load of eight thousand pounds. The bar is in two lengths, riveted Uh 
gelher with one rivet. What diameter should the rivet bet 

The strain on the rivet will, of course, be a shearing strain acron 
the grain, and will be equal to the amount of tension on the bar, 
which we know is equal to the load. We use Formula (7), and haTe : — 
w ^^ 8000 pounds. 

The safe shearing for wrought-iron is about ten thousand pounds 
per square inch ; inserting this in formula, we have : — 

8000 
8000=. a. 10000, or a. = ^^ =f 

The area of rivet must, therefore, be four-fifths of a square inch. 
To obtain diameter, we know that : — 

c/=V^ =VHT =V1F =VMi8lF 
This is, practically, equal to one ; therefore, the diameter of rlTet 
should be V\ 
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In transTerse strains the (vertical) cross-sbearing is generally not 
equal to the load, but varieb at different points of the beam or canti- 
lever. The manner of calculating transverse strains, however, allows 
for straining only the edges (extreme fibres) up to the maximum ; so 
that the intermediate fibres, not being so severely tested, generally 
have a sufiicicnt margin of unstrained strength left to more than ofif* 
set the shearing strain. In solid beams it can, therefore, as a rule, 
be overlooked, except at the points of support* (In plate-girders it 
must be calculated at the different points where weights are applied.) 
The amount of the shearing at each support is equal to the amount 
of load coming on or carried by the support. 

We must, therefore, substitute for w in Formula (7) either p or q^ 
as the case may be, and have at the left-hand end of beam for the 
safe resistance to shearing : — 



°(-f.) (9) 



And at the right-hand end of beam : — 

3 = a.(i) (10) 

Where p ^s the amount of load, in pounds, carried on the left- 
hand support. 

Where q ^a the amount of load, in pounds, carried on the right- 
hand support. 

Where a => the area of cross-section, in inches, at the respective 
snpport. 

Where T -^ j -as the safe resistance, per square inch, to cross-shear- 
ing. 

Example, 

A spruce beam of 5' clear span ts 24" deq) and 3" toide ; how much 
uniform load will it carry safely to avoid the danger of shearing off at 
either point of support f 

The beam being uniformly loaded, the supports will each carry 
one-half of the load ; if, therefore, we find the safe resistance to shear- 
ing at either support, we need only double it to get the safe load (in- 
stead of calculating for the other support, too, and adding the results). 

Let U8 take the left-hand support. From Formula (9) we have : — 



=-(^) 



Now, we know that a »= 24. 3 = 72 square inches. 
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X=r ,or >- — 2v (11) 

(?) 

Wliere xs=tbe am^^on: of Tertical shearing strain, in ponndsy at 

nnv point of a beam. 

( p ^ tl-c reaction, in pound*^ (that is, the share of the 
Wbere ^ ^->r ^ = total load-^ carried) at the nearer support to the 

( '/ ) IKrint. 

Where 2 tc = tie 5am of all loads, in pounds, between said neorer 

aupport and the point- 
When X is found, insert it in place of if, in FormuUi (7), in order 

to calculate the strength of beam necessary at that point to resist the 

shearing. 

Example. 

A spruce beam, 20' /on/7, and S" deep, carries a uniform load of one 
hundred pounds per running foo*. What should be the thickness of 
beam 5' from either support y to res'ist safely vertical shearing t 

Each support will carry one-half the total load ; that is, one thou- 
sand pounds; so that we have for Formula (11) : — 

or >• = 1000 pounds. 

7 ) 
The sum of all loads between the nearer support and a point 6' 

from support will be : — 

S w = 5. 100 = 500 pounds. 
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Therefore, the amount of sliearing at the point 5' from support will 

be: — 

ar= 1000 — 600 = 500 pounds. 

Inserting this in Formula (7) we have : — 

\ 600 

600 = a. (^ j, or, a= / g\ 

We have just found that for spruce, 
r^ J = 860 pounds. 

Therefore, a = —r- =1,39 square inches. 

a 1 39 1" 

And, as 6. rf = a, or 6 = -J, wc have, b = -!-- = — 

This is such a small amount that it can be entirely neglected in an 
8" wooden beam. 

To find the amount of vertical shearing at any point of a canti- 
lever, other than at the point where it is built in, use : — 

x=. S to (12) 

Where x the amount of vertical shearing strain, in pounds, at any 
point of canti-lcver. 

Where 2 to the sum of all loads between the free end and said 
point. 

To find the strength of beam at said point necessary to resist the 
shearing, insert x for to in Formula (7). 

In transverse strains there is also a horizontal shearing along the 
entire neutral axis of the piece. This stands to reason, as the fibres 
above the neutral axis are in compression, while those below are in 
tension, and, of course, the result along the neutral line is a tendency 
of the fibres just above and just below it, to slide past each other or 
to shear off along the grain. 

We can calculate the intensity (not amount) of this horizontal shear- 
ing at any point of the piece under transverse strain. 

If X represents the amount of vertical shearing at the point, then 

Q _ 

the intensity of horizontal shearing at the point is = . 

2 a 

If this intensity of shearing does not exceed the safe-constant If) 
for shearing along the fibres, the piece is safe, or : — 

4- 1 = (^0 (") 
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Where x i? foun«l l»y formulae (11) or (12) for any point of beam 
or. 

Where x *= ^ or ' «= ^^® amount of supporting foroe, in pounds, 
1 n ^ ioT either point of rapport. 

Where a = the art-a of cross-«ection in square inchec. 

Where T-! j = the amount of safe resistance, per square inch, to 

shearing alon^ fibres. 

Exampie* 

Tale the same Uam as before. The amount of vertical shearing 6' 
from support ice found to he jive hundred pounds^ or:-^ 

r = :.oo. 

The area was 8" multiplied by thickness of beam, or : — 

The ultimate shearing along the fibres of spruce is about four hun- 
dred pounds ]H'r square inch, and with a factor-of-safety of ten, we 
shouKl have : — 

V// lu 

Insertinix tliis in Formula (13) -— . <■-=- = 40 

, i:»00 _o"qi 
or ft= , .-— —-» 34. 
1G.40 

The bt'iun hhoiiKl, therefore, be at It-ast 2J" thick, to avoid danger 

of lon'4itiuliii:il ^hiarinir at this point. At either point of support 

the virutal s]iearin;jr will l>o etjual to the amount supported there; 

that is, oni^half tin* load, or one thousand pounds. Substituting this 

for -r in Formula (13). we have: — 

1.1^^ = 40, or 6= ^-5^ =4,"68. 
2 bb 10.40 * 

The ln'ani would, therefore, have to be 4 J" thick at the points of 
hupport, to avoiil danger of lonQ:itudinal shearinj;. The beam, as it is, 
is uiiK'h too shallow for one of such span, a fact we would soon dis- 
cover, if calculating: the transverse strength or deflection of beam, 
which will be taken up later on. It will also be found that the greater 
the depth of the beam, the smaller will be the danger from longitu- 
dinal shcarini;, antl, consequently, to use thinner beams, it would be 
necessary to make them deeper. 
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TLe amoants giiren in TabW IV for compmsloQ, tenaioii and shear* 
ing are along Bbres^ except wbere marked aerm*. 

It will also be nodced Uiat the factars-of-safetj chosen are Tery dif- 
ferent ; the reason being that vbere figures seemed reliable the f ac* 
tor chosen vas low, and became higher in proportion to the onre- 
liabiUtr of the fi^orea. The table?, as they are, are extremely uo. 
satisfactory and nnreliable, thoagh the writer has spent mach time 
in their constmctioo. Any one, who will derote to the subject even 
the slightest research, will find that there are hardly any two origi- 
nal experimenters who agree, and in most cases, the experiments are 
so carelesilr made or recorded that ther are of bnt little Talue. 

TABLE TI. 

WEIGHT FEB CUBIC FOOT OF MATEBIAIA 
(Xoc indihtod in Tablet IT and V.) 



Material. 



Ashes 

Aapbal' 

Batter 

Camphor 

Charcoal 

Coal,aolia 

*• loosv 

Coke 

Cork 

Cotton in hales> 

Fat 

CJunpowder.... 
Hay in bale?.. .. 

I9inffla89 

Leaa, red 

Paper 



Weight. 



MateriaL 



59 
150 
60 
63 
S3 
93 
M 
60 
15 
90 

56 
17 
70 
560 
65 



Peau 

Petrified wood 

Pitch 

Plarabaco 

Pomioe^tone, 

Reaia 

Kock crTstal.. 

Robt»er 

Sall« 

Salipe:re 

Snow, fre»h fallen... 

" aoliJ. 

Sogar 

Salphar 

TUe«« 

Water 



Weight. 



85 
145 

75 
131 

66 

68 
172 

62 

134 

130 

6 

20 

t»2 
125 
115 

63 
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TRANSVERSE STRENGTH. — RUPTURE. 

If a beam is supported at two enrls, and loads are applied to the 
beam, it is evident : — 

1st, that the beam will bend under the load, or deflect. 
2d, that if the loading continues, the beam will eventually break, 
or be ruptured. 

Deflection when ^^^^ methods of calculating deflection and rup- 
non-Important, ture diff«sr very greatly. In some cases, where de- 
flection in a beam would do no damage — such as cracking plaster, 
lowering a column, making a floor too uneven for machinery, etc.,— or 
where it would not look unsightly, we can leave deflection out of the 
question, and calculate for rupture only. Where, however, it is im- 
portant to guard against deflection, we must calculate for both. 

REACTION OF SUPPORTS. 

If we imagine the loaded beam supported at both ends by two 
giants, it is evident that each giant would have to exert a certain 
amount of force upwards to keep his end of the beam from tipping. 

We can therefore imagine in all cases the supports to be resisting 
Amount of Reac- ^^ reacting with force sufiicient to uphold their re- 
gion, spective ends. The amount of this reaction for 
either support is equal to the load multiplied by its distance from the 

further support, the whole divided 
^ ) by the length, or 

|f-Tn-^--- n--- ^ P=^ (14) 



^ 



5^ZZ__, Where j5= the amount of the left 




. — 1 — » hand reaction or supporting force. 




and ? = !^ (15) 

Where ^=the amount of the right 
Fig* 7. hand reaction or supporting force. 

If there are several loads the same law holds good for each, the 
reaction being the sum of the products, or 

p = '£^ + Y (16) 

and j = 15!i!? + !?nl (17) 

As a check add the two reactions together and their sum muFt 
equal the whole load, that is, jh^-q = tL\ -|- w„ 
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Example, 

A beam 0' 2" long bettceen 
hearings carries two loads^ 
one of 200 lbs. 4f 2" from 
the left-hand support^ and 
the other of 800 lbs. 8' 4" 
from the right-hand support. 
What are the right-hand 
and left-hand reactions t 

lleferring to Figure 8 
we should have tr, = 200 lbs., and w„ = 300 lbs., further /=: 110"; 
m = 60"; n = 60"; 5 = 40", and r=70", therefore the left4iand 
reaction wpuld be : — 

;, = 20^ + 300^ = 218^ pound.. 




Fig. 8. 



110 



110 



and the right-hand reaction would be : — > 

^ 200. 60 , 800. 70 ««, o a 

? = -5^^ + -^^j^ = 281 ft pounds. 

As a chock add p and q together, and they should equal the whole 

load of 500 lbs., and we have in effect : — 

p + qr= 218 ft + 281ft = 600 pounds. 
If the load on a beam is uniformly distributed, or is concentrated 
nt the centre of the beam, or is concentrated at several points along 
tho beam, each half of beam being loaded similarly, then each sup- 
port will react just one half of the total load. 

THE PRINXIPLE OF MOMENTS. 

Law Of Lever. The law of the lever is well known. The distance 

of ii force from its fulcrum or poiut where it takes effect is called its 
l< rrrage. The ejjtrt of the force at such point is equal to the amount 
i»f the force multiplied by its leverage. 

Moment of a Th() effect of a force (or load) at any point of a 
'°'^*' l>eum is called the moment of the force (or load) at 

^ai(l point, and is ecpial to the amount of the force (or load) multi- 
plied by the distance of the force (or load) from said point, the 
tlistniicc measured at right angles to the line of the force. If therefore 
>ve find the mimients — for all of the forces acting on a beam— -at 
any hin*;le point of the l>eam we know the total moment at said point, 
and this is called the bituling-momcnt at said |)oint. Of course, forces 
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Bend I n K acting in opposite directions will give opposite mo- 

moment, ments, and will counteract each other; to find the 
bending-moment, therefore, for any single point of a beam take the 
difference between the sums of the opposing moments of all forces 
acting at that point of the beam. 

Now on any loaded beam we have two kinds of forces, the loads 
which are pressing downwards, and the supports which are resisting 
upwards (theoretically forcing upwards). Again, if we imagine 
that the beam will break at any certain point, and imagine one side 
of the beam to be rigidy while the other side is ten ling to break 
away from the rigid side, it is evident that the effect at the point of 
rupture will be from one side only ; therefore we must take the forces 
on one side of the point only. It will be found in practice that no 
matter for what point of a beam the bending moment is sought, the 
bending moment will be found to be the same, whether we take the 
forces to the right side or left side of the point. This gives an ex* 
cellent check on all calculations, as wo can calculate the bending 
moment from the forces on each side, and the results of course should 
be the same. 

Now to find the actual strain on the fibres of any cross-section of 
the beam, wo must find the bending moment at the point where the 
cross-section is taken, and divide it by the moment of resistance of 
the fibre, or, 

r 

Where m = the bending moment in lbs. inch. 

Where r = the moment of resistance of the fibre in inches. 

Where s = the strain. 

The stress, of course, will be equal to the resistance to cross-break- 
ing the fibres are capable of. In the case of beams which are of uni- 
form cross-section above and below the neutral axis, this resistance is 
called the Modulus of Rupture (Jc). It is found by experiments and 
tests for each material, and will be found in Tables IV and Y. We 
have, then, for uniform cross-sections : — 

Where v = the ultimate stress per square inch. 

Where k =* the modulus of rupture per square inch. Inserting 
this and the above in the fundamental formula (1), viz. : v = «/., 
we have : — 

-fc=™./,or 
r 
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•transth unl- . ■ = r (18) 

form c r oi ^t ec- i *- i 

tion. V// 

Where m = the bending moment in lbs. inch at a giTen point of 

beam. 

Where r = the moment of resistance in inches of the fibres at said 
poinU 

Where (%) =the safe modulus of rupture of the material, per 
•/ 
square inch. 

If the cross-section is not uniform above and be- 

^•uSriath^aec- ^^^ ^^® neutral axis, we must make two distinct 
tion not unl- calculations, one for the fibres above the neutral 

axis, the other for the fibres below ; in the former 
case the fibres would be under compression, in the latter under 
tension. Therefore, for the fibres above the neytral ozu, the ultimate 
stress would be 0(|ual to the ultimate resistance of the fibres to com- 
pression, or 9 sb c. 

Inserting this in the fundamental formula (1), we have: — 

c=— ./or 

-^ = r (19) 

Upp«rnbr«s. ( — \ 

Where m = the bending moment in lbs. inch, at a given point of 

beam. 
Where r = the moment of resistance in inches of the fibres at 
said j>oint. 

Where f — j = the safe resistance to crushing of the material, 

per si]uare inch. 

For the jibrcs IkIow the twuiral cais, the ultimate stress wo^ild be 
et^ual to the u'timate resistance of the fibres to tension, or, vr= ^ 

In:icriiug this iu the fundamental formula (1) we have : — 

t = — . ^ or 
r • 



Lower fibres. 



<») 



(7) 



Where m =— the l>ending moment in lbs. inch at a given point of 
beam. 
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Where r ss the moment of resistance in inches of the fibres at 
said point. 

Where (-^ ) s^the safe resistance to tension of the material, per 

square inch. 

The same formula apply to cantilevers as well as beams. 
The moment of resistance r of any fibre is equal to the moment of 
inertia of the whole cross-section, divided by the distance of the fibre 
from the neutral axis of the cross-section. 

The greatest strains are along the upper and 

Oraatest strains lower edges of the beam (the extreme fibres) ; we, 

brsi*^'*'"* ' therefore, only need to calculate their resistances, 

as all the intermediate fibres are nearer to the 
neutral axis, and, consequently, less strained. The distance of fibres 
chosen in calculating the moment of resistance is, therefore, the dis- 
tance from the neutral axis of either the upper or lower edges, as the 
case may be. The moments of resistance given in the fourth column, 
of Table I, are for the upper and lower edges (the extreme fibres), 
and should be inserted in place of r, in all the above formulae. 

To find at what point of a beam the greatest bend- 
Point of sreat- ^^o nioment takes place (and, consecjuently, the 
est bending greatest fibre strains, also), begin at either support 

and move along the beam towards the other sup- 
port, passing by load after load, until the amount of loads that have 
been passed is equal to the amount of the reaction of the support 
(point of start) ; the point of the beam where this amount is reached 
is the point of greatest bending moment. 

In cantilevers (beams built in solidly at one end and free at ttie 
other end), the point of greatest bending moment is always at the 
point of the support (where the beam is built in). 

In light beams and short spans the weight of the beam itself can be 
neglected, but in heavv or lont; beams the wei<:i:ht of the beam should 
be considered as an independent uniform load. 

RULES FOR CALCULATING TRANSVERSE STRAINS. 

1. Find Reaction of each Support. 
Summary of If the loads on a girder are uniformly or sym- 

metrically distributed, each support carries or re- 
acts with a force equal to one-half of the total load. If the weights 
are unevenly distributed, each support carries, or the reaction of each 
support is equal to, the sum of the products of each load into its 
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distance from tlie other support, divided by the whole length of span. 
See Formula; (14), (lo), (16),and (17). 

2. Find Point of Greatest Betiding Moment 
The greatest bendinj; moment of a uniformly or symmetrically 
distributed load is always at the centre. To find i\iQ point of great- 
est bendin;^ moment, when the lojids are unevenly distributed, begin 
at either support and pass over load after load until an amount of 
loads has been ])assed equal to the amount of reaction at the support 
from which the start was made, and this is the desired point. In a 
cantilever the jwint of greatest bending moment is always at the wall. 

3. Find the Amount of the Greatest Bending Moment. 
In a beam (sup]X)rted at both ends) the greatest bending moment 
is at the centre of the beam, provided the load is uniform, and this 
moment is equal to the product of the whole load into one-eighth of 
the length of span, or 

m =-^ (21) 

Where m = the greatest bending moment (at centre), in lbs. inch, 
of a uniformly-loaded beam supported at both ends. 

Where u = the total amount of uniform load in pounds. 

Where / = (he length of span in inches. 

If the above beam carried a central load, in place of a uniform 
load, the greatest bending moment would still be at the centre, but 
would be e(jiial to the product of the load into one-quarter of the 
length of span, or 

m = !^ (22) 

Where 7/1 = the greatest bending moment (at centre), in lbs. inch, 
of a beam with concentrated load at centre, and supported at both ends. 

Where u? = the amount of load in pounds. 

Where / = the length of span in inches. 

To find the greatest bending moment of a beam, supported at both 
en(l<, with loads unevenly distributed, imagine the girder cut at the 
point (previously found) where the greatest bending moment is known 
to exist ; then the amount of the bending moment at that point will 
bo e(|ual to the ])rodiict of the reaction (of either support) into its 
distance from said point, less the sum of the products of all tlie loads 
on the same side into their respective distances from said point, t. c, 
the ]>oint where the beam is snppose<l to be cut. To check the whole 
calculation, try the reaction and loads of the discarded side of the 
beam, ami the same result should be obtained. 
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To put the above in a formula, we should have : — 
Amount of ^^=P'^-^O^i^^ + ^'u x,, + u\„ x,„, ate) (23) 
sroatest bend- -^"^ *^ * ^'^^^^ ^^ *^<^v« • 
Ing moment. ^^ ^ ^.(/-x)-S (^r„.. x.... + w^ x, + m;,. r„) 

etc. (24) 

Where -4 = is the point of greatest bending moment. 
Where 1??^== is the amount of bending moment, in lbs. inches, at A, 

Where jt? = is the left-hand reaction, in pound><. 

W^here 7 = is the 

right-hand reaction, in 
pounds. 

Where x and (l-x) 
= the respective dis- 
tances in inches, of 
the left and right reac- 
tions from A, 
/-^^ Where x„ a:,,, a:.... 




$(5)@ 



I^Xn -f-XiT i 






-X-- 



V 




• -(1-^) 



f ^ MCt = the respective 
^^—^ distances, in inches, 



'III W^iin ^tC» 



Ftg. 9< 

from A, of the loads tr„ tr, 

Where t/?„ tr„, m?„„ etc., = the loads, in pounds. 

Where 2 = the sign of summation. 

The same formula;, of course, would hold good for any point of beam. 

In a cantilever (supported and built in at one end only), the great- 
est bending moment is always at the point of support. 

For a uniform load, it is equal to the product of the whole load 
into one-half of the length of the free end of cantilever, or 

m=^ (25) 

Where m == the amount, in lbs. inch, of the greatest bending 
moment (at point of support). 

Where u = the amount of the whole uniform load, in pounds. 

Where / = the length, in inches, of the free end of cantilever. 

For a load concentrated at the free end of a cantilever, the great- 
est bending moment is at the point of support, and is equal to 
the product of the load into the length of the free end of canti- 
leyer, or 

mz=w.l (2G) 

Where m = the amount, in lbs. inch, of the greatest bending 
moment (at point of support). 
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Where w = the load, in pounds, concentrated at free end. 

Where / = tlie length, in inches, of free end of cantilever. 

For a load concentrated at any point of a cantilever, the greatest 
bending moment is at the point of support, and is equal to the pro- 
Uuet of the load into it8 distance from the point of support, or 
tn=z w, X (27) 

Where m = the amount, in Ib^ inch| of the greatest bending 
moment (at point of support). 

Where w r= the load, in pounds, at any point. 

Where x = the distance, in inches, from load to point of support 
of cantilever. 

Note^ that in all cases, when measuring the distance of a load, we 
mu9t take the shortest distance (at right angles) of the vertical 
neutral axis of the load, (that is, of a vertical line through the centre 
of gravity of the load.) 

4. Find the Required CroM-^ection, 

To do this it is necessary first to find what will be the required 
moment of resistance. 

If the cross-seclion of the beam is uniform above and below the 
neutral axis, we use Formula (18), viz.:— 

m 

T 

/ 
If the croHS-section is umtymmetrical, that is, not uniform above 

and below the neutral axis, we use iov ihe fibres above the neutral axis, 

formula (19), viz. : — 

m 



(4) 



(?) 



r =: 



and for ihc fibres below the neutral axis, Formula (20), viz.: — 

m 

In the liitier two cases, for economy, the cross-section should be so 
dt'Hii^ned that the respective distances of the upper and lower edges 
(nxtHMHc (il)re!»), from the neutral axis, should be proportioned to 
iln'ir n'HiK'ctive stresses or capacities to resist compression and ten- 
moll. TIiiH will be more fully explained under cast-iron lintels. 

A Kiiiii»K' example will more fully explain all of the above rules. 
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Example. 

Three weights of respectively 000 ibs.j 1000 lbs., and 1000 lbs., are 
placed on a beam of IV 6" (or 210") clear span, 2' 6" (or 80"), 7' 6" 
{or 90"), and 10' 0" (or 120") from the left-hand support. The mod- 
ulus of rupture of the material is 2800 lbs. per square inch. The fac* 
tor-of safety to be used is 4. The beam to be of uniform cross-section. 
What size of beam should be usedt 

1. Find Reactions (see formula 16 and 17). 

R««tion ;. wUl be in pound., = ^^^i^ + 12^:^ + '^^-^^ - 
'^ ^ 210 * 210 * 

1642f pounds. 

o ^. Ml u • A 500.80 , 1000.90 , 1500.120 

Keaction q will be m pounds, = —r-rz — Trrr- + — T^rTi — = 

^ *^ ' 210 ^ 210 * 210 

1857^ pounds. 
Cheeky p-\-qmMf\, equal whole load, and we haTe in effect: — 
/> -f. ^ = 164 2f + 1857^ = 8000, which 
being equal to the sum of the loads is correct, for : — 
500 -f 1000 + 1500 — 8000. 

2. Find Point of Greatest Bending Moment. 

Begin at />, pass over load 500, plus load 1000, and we still need 

to pass 142^ pounds of 
[lOCXDl ^<^^J lo*d to make up amount 

of reaction p (1642f 
lbs.); therefore, the 
greatest bending mo- 
ment must be at load 
1500 ; check, begin at q 
and we arrive only at 
the first load (1500) be- 
fore passing amount of 
reaction q (1857) lbs.), 




i 




• -^O' if 'l^o -• 

-i^o'- -jjt— ^O-" 



' ^lO"- 



Fig. 10. 



■^. 





therefore, at load 1500 is the point sought. 

8. Find Amount of Greatest Bending Moment. 

Suppose the beam cut at load 1500, then take the left-hand side of 
beam, and we have for the bending moment at the point where the 
beam is cut. 

m = 1642f 120 — (500.90 + 1000.80 + 1500.0) 
= 197143— (46000+80000+0) 
= 197148 — 75000 
= 122148 lbs. inch. 
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A$ a check oo the calcuUiion, uke the right-haaid ade of beam and 
we should hare : — 

M = lS57f 90^1500.0 
= 122143 — 
= 122143 lbs. inch, 
wlilcb, of coarse, prores the correctness of former calcolatioo. 
4. Find the Required Croneeetion ofBeamu 
We must first find the reqoired moment of resistance, and as the 
cross-section is to be uniform, we ose formula (18), viz. : — 

Si 

r 



(7) 



Now, m = 122143, and -£ = ?^ = 700, therefore, 

r = 122143 _ jy^^ or say = 174,5 
70U » / f- 

Consul ing Table I, fourth column, for section No. 2, we find 
r = -—, we hare, therefore, 

V 

^ = 1 74,5 or W« = 1047. 

If the size of either h or d is fixed by local conditions, we can, of 
course, find the other size (cf or 6) very simply ; for instance, if for 
certain reasons of design we did not want the beam to be more than 
4" wide, we should have 

6 = 4, therefore, 4^= 1047, and 

</2= i5il = 262, therefore, cf= (about) 16", 
4 

or, if we did not want the beam to be over 12" deep, we should have 

d = 12, and d^ = 12.12 = 144, therefore, 

6.144 = 104 7, and h = i^ = 7,2" or say 7 J". 

144 

The deepest One thinj^ is verv important and, must he remem- 
beam the most ^ • i 

economical. beredf that the deeper the beam is, the more eco- 

noniical, and the slider will it be. If the beam is too shallow, it 
might deflect so as to l)e utterly unserviceable, besides using very 
much more material. As a rule, it will tlierefore be necessary to 
calculate the beam for deflection as well as for its transverse strength. 

The deflection should not excee<] 0,"03 that is, 
8afe deflection, ^^^^^^ one-hundredths of an inch for eac:h foot of 

span, or else the plastering would be apt to crack, we have then the 
formula: — 

8 = L. 0,03 (28) 
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Whero d= the greatest allowable total deflection, in inches, at 
centre of beam, to prevent plaster cracking. 

Where L = the length of span, in feet. 

In case the beam is so unevenly loaded that the greatest deflection 
will not be at the centre, but at some other point, use :— 

8 « X 0,00 (29) 

Where d = the greatest allowable total deflection, in inches, at 
point of greatest deflection. 

Where X = the distance, in feet, to nearer support from point of 
greatest deflection. 

If the beam U not stiffened sideways, it should also be calculated 
for lateral flexure. These matters will be more fully explained when 
treating of beams and girders. 

COMPARATIVE STRENGTH AND BTIFFNES8 OF BEAMS AND 

COLUMNS. 

(1) If a beam supported at both ends and loaded uniformly will 
safely carry an amount of load ^^u; tiien will the same beam : 

(2) if both ends are built in solidly and load uniformly distributed, 
carry 1^. m, 

(3^ it one end is supported and other built in solidly and load uni- 
formly distributed, carry 1. m, 

(4) if both ends are built in solidly and load applied in centre, 
carry l.u, 

(5) if one end is supported and other built in solidly and load ap- 
plied in centre, carry ]. u, 

iC) if both ends are supported and load applied in centre, carry ^. u, 
7) if one end is built in solidly and other end free (cantilever) and 
load uniformly distributed, carry \. «, 

(8) if one end is built in solidly and other end free (cantilever) and 
load applied at free end, carry ^. u. 

That is, in cases (1), (3) and (4) the effect would be the same with 
the same amount of load ; in case (2) the beam could safely carry 1^ 
times as much load as in case (1) ; in case (5) tiie beam could safely 
carry only ] as much as in case (1), etc., provided that the length of span 
is thi same in each case,^ 

If the amount of deflection in case (1) were d, then would the amount 
of deflection in the other cases be as follows: 

Case (2) <J., =4. <J. Case (4) d,r = f . <5. Case (7) <J^„ = 9{. <J, 
Case (3) <J,„ = |. <5, Case (6) 6^ == J. <5, Case (8) <Jv.„ = 26|. d, 

Case (6) <J^, = l|.<5, 

sTo count on the end of a beam being built In solidly would be very bad prao- 
tlee in most canes of building coustructlon; as. for instance, a wooden beam with 
end built in solidly could not fall out in case of fire, and would be apt to throw the 
wall. Even where practicable, it would require very careful superTl^ion to get 
the beam built in properly ; then, too, it causes upward strains which roust be 
overcome, complicating the calculations unnecessarilv. In most cases where it 
is necessary to "build in** beam ends, the additional strength and diminished 
deflection thereby secured had better be credited as an additional margin of 
safety. The aboTC rules for deflection do not hold good if the beam is not of 
uniform crojs-section throughout ; the deflection being greater as the variation 
in eross-seotion Is greater. 
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60 SAFE BUILDING. 

• trensth of The comparative transTerse strength of two or 
foront^citSs — o °>ore rectangular beams or cantileTeri is directly 
tlofia. ag ^Q product of their breadth into the square of 

their depth, provided the span, material and manner of supporting 
and loading are the same, or 

x=:bd* (SO) 

Where x = a figure for comparing strength of beams of equal 

spans. 
Where b = the breadth of beam, in inches. 
Where J = the depth of beam, in inches. 

Example. 

What U the comparative strength between a S" x 12" beam, and a 
6" X 12" beamt Also, between a 4" x 12" beam, and a S" x 16" beam f 
All beams of same material and span, and simUariy supported and 
loaded. 

The strength of the 3" x 12" beam would be 

z, = 8. 12. 12 = 432. 
The strength of the 6" x 12" -beam would be 
a:„ = 6. 12. 12 = 864, therefore, 
the latter beam would be just twice as strong as the former. 
Again, the strength of the 4" x 12" beam would be 
x„. = 4. 12. 12 = 576 
and the strength of the 3" x 16" beam would be 
2:.,,, = 3. 16. 16=768. 



'nil 



768 
The latter beam would therefore be — — or just li times as strong as 

676 •' ■ ° 

the former, while the amount of material in each beam is the same, as 

4. 12 = 3. 16 = 48 8(|uare inches in each. 

The reason the la^t beam is so much stronger is on account of its 

greater depth. 

Strength of The comparative transverse strength of two ur 

rerenUensth*. »iore beams or cantilevers of same cross-section and 

material, but of une([ual ppans, is inversely as their lengths, provided 

manner of supporting and loading are the same. That is, a beam of 

twenty-foot span is only half as strong as a beam of ten-foot span, a 

quart(;r as strong as one of five-foot span, etc. 

All in<;niiuruinciitH in Table V'll aro in inches; all weights in poonds; e=mod- 
nliifl of olHBtidty in pounds inch ; i = moment of iueriia of cross-section of beam 
or rftntilever around its neuiral axin in inches ; m=:b3nding-momeDt in pounds 
inch : $ = amount uf shearing strain in pounds; 6 = total amount of deflection in 
lucben. 
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Stiffness Of The stiffness of beams or cantilevers of same 
fer«ri?*len^h8. cross-section and material (and similarly loaded and 
supported), however, diminishes very rapidly, as the length of span 
increases!, or what is the same thing, the deflection increases much 
more rapidly in proportion than the length; the comparative stiff- 
ness or deflection being directly as the cube of their respective 
lengths or Z,'. 

That is if a beam 10 feet long deflects under a certain load one- 
third of an inch, the same beam with same load, but 20 feet long will 
deflect an amount x as follows : 

x:i = 20«:10«,orx=?2y = ?000=2r 

• tlffnessof_, ,^ -, 

beams of dl^ J he comparative stillness, that is amount of de- 

t?on8. ^'^**'**^ flection of two or more beams or cantilevers, simi- 
larly supported and loaded, and of same material and span, but of 
different cross-sections, is inversely as the product of their respective 
breadths into the cubes of their respective depths or 



Where x = a figure for comparing the deflection of beams of same 
material, span and load. 

Where 6 = the breadth of beam, in inches. 
Where (/= the depth of beam, in inches. 

Example* 

If a beam 8" x 8" deflects J" under a certain load, tchat will a beam 
4" X 12" deflect, if of same material and span^ similarly supported and 
with same load t 

For the first beam we should have 

X, = -1-. r= -1_ = 0,00065 
• sib* 1636 ' 

For the second beam wo should have 

The deflection of the latter beam will be as 

8 : 0",5 = 0,00014 : 0,00065, or 8 = 0",108 
• trensth of The comparative strength of rectangular beams 
forentlensths & ^^ cantilevers of different cross-sections and spans, 
croso-seotions* but of same materials and similarly loaded and sup- 
ported, is, of course, directly as the product of their breadth into the 
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squares of their deptbs, divided by their length of spao, or 



X=z 



(S2) 



Where x = a figure for comparing the strength of different beams 
of same material, but of different cross-sections and spans. 

Where 6 = the breadth, in inches. 

Where </=tho depth, in inches. 

Where Z= the length of span, in feet 

Stiffness of ^^^ comparative stiffness or amount of deflection 
beams of dir of different rectangular beams or cantilevers of 
crosrsections. same material, and similarly loaded and supported, 
but of different cross-sections and spans, would be directly as the 
cubes of their respective lengths, divided by the product of their 
respective breadths into the cubes of their depths or 

^' (83) 



a: = 



bM* 



Where z=sa figure for comparing the amount of deflections of 
beams of same material and load, but of different spans and cross- 
sections. 

Where L = the length of span, in feet. 

Where h = the brea(lth, in inches. 

AVhere c/= the depth in inches. 
Strength and ^^ ^^ ^^ desired to calculate a wooden girder sup- 

deflection of ported at both ends and to carr3' its full safe uniform 
wooden beams, , , . , ^ ^ , . . 

one Inch thick, load, and yet not to deflect enough to crack plaster, 

the following will simplify the calculation : 

TABLE YIU, 



Calculattt (x) fcgr 

transverse strength 

only if </ is greater than 

Calculate (-Ti) for 
deflection only 
if d is less than 



Spruce. 



n^ 






Georgia pine. 



White pine. 


White oak. 


hVi 


HL 


l^L 


HL 



Hemlock. 



Hi 



Where L = the length of span, in feet. 

Where (/ = Uie depth of beam, in inches. 

Where a; or z, = is found according to Table IX. 

To find the safe load (x) or (j:,) per running foot of span, which a 
beam supported at both ends, and 1" thick will carry, use the follow- 
ing table. (Beams two inches thick will safely carry twice as much 



WOODEN BEAMS. 



6S 



per running foot, as found per table, beams three inches thick three 
times as much, four inches thick four times as much, etc.) 



TABLE IX. 





Sprace. 


Georgia 

pine. 


White pine. 


White oak. 


•Hemlock. 


If ealculating 

for trHDtveroe 

strength only 

ute 


-=">(!-)' 


' = 133(1)' 


x=ioo(z:) 


x=m(j:)' 


,=83(f-)' 


If calculating 

for a deflection 

(not to crack 

plaster) use 


'--(r)' 


'«=^r) 


-=»«(rr 


,. = ,00(1)' 


«.=«'(r)' 



Where x = the safe load in lbs., per running foot of span, which 
a beam one-inph thick will carry regardless of deflection, if supported 
at both ends, and 

x, = the same, but without deflecting the beam enough to 
crack plaster; for thicker beams multiply x or x, by breadth, in 
inches. 

Calculate for either z or x, as indicated in Table VIII. 

Where d= the depth of beam, in inches. 

Where L = the length of span in feet. 

If a beam is differently supported, or not uniformly loaded, also 
for cantilevers, add or deduct from above result, as directed in cases 
1 to 8, page 57. 

Example. 

AJloor of Id' clear span is to be built with spruce beams, to carry 
100 lbs, per square foot; what size beams would be the most economical t 

According to Table VIII, if </ = 1 J. Z = 1 J. 19 = 22J" 
we can calculate for either deflection or rupture and the result would 
be the same. If we make the beam deeper it will be so stiff that it 
will break before deflecting enough to crack plastering underneath ; 
while if we make the beam more shallow it will deflect enough to 
crack plaster before it carries its total safe load. The former would 
be more economical of material, but, of course, in practice we should 
certainly not make a wooden beam as deep as 22". Whatever depth 
we select, therefore, less than 22'', we need calculate for deflection 
only. We have, then, according to Table IX, second column, 

d \« 



,= 95.(-J) 
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If we use a beam 1 2" deep, we should have 

or a beam l"x 12" would carry 24 lbs. per foot; as the load is 100 
lbs. per foot we should need a beam -— = 4 J wide, or say a beam 

i" X 12", and of course 12" from centres. 
If wo use a beam 14" deep we should have 

14 s 

or a beam 1" x 14" would carry 88 lbs. per foot, we need, therefore, 
a beam of width 

88 19 

or we must use a beam say 3" x 14" and 12" from centre, or a beam 
4" X 14" and 16" from centre. For if the beams are 16" from cen- 
tres each beam will carry per running foot IJ.IOO lbs. = 133 Iba. 
and a 4" x 14" will carry per foot 

4.ar, = 4.38 =152. 

We could even spread the beams farther apart, except for the dif- 
ficulty of keeping the cross-furring strips sufRciently stiff for lathing. 

Of course the 14" beam is the most economical, for in the 12" 
beam we use 4" x 12" = 48 square inches (cross-section) of material, 
and our beam is a triflo weak. While with the 14" beam we use 
only 3" X 14" = 42 square inches of material, and our beam has 
strength to spare. The 4" x 14" beam 16" from centres would be 
just as strong and u:?e just as much material as the 3" x 14" beam 12" 
from centres. If we wished to be still more economical of material, 
we might use a still deeper beam, but in that case it would be less 
than 3" thick and might twist and warp. If the beam is not cross- 
bridged or supported sideways it might be necessary to calculate its 
strength for lateral flexure. That it will not shear off transversely 
we can see readily, as the load is so light, nor is there much danger 
of longitudinal shearing, still for absolute safety it would be better 
to calculate each strain. 
Strength of col- The comparative strength of columns of same cross- 
uHSS^hs!""*'*"^ section is approximately inversely as the square of 
their lengths. Thus, if x be the strength of a column, whose length 
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is Lt and x, be the strength of a column whose length is Z„ then we 
have approximately 

x:x, = L,^:L^ or x,=:^ (34) 

Where x, = approximately the strenjijth of a column, Z, feet long. 

AVherez=the strength (previously ascertained or known), of a 
column of same cross-section, and L feet long. 

Where L and Z,=:the respective lengths of columns in feet. 

The nearer L and Z, arc to each other the closer will be the result. 

Strons^h of ool- The comparative strength per square inch of cross- 

cSw^sect'ons."^ section of columns of same length, but of different 

cross-sections, is, approximately, as their least outside diameter, or 

side, or 

z:x. = 6:6.,orar, = ?^ (36) 

Where x,= approximately the strength of a column, per square 
inch, whose least side or diameter (outside) is = 5^. 

Where ar = the strength per scjuare inch (previously ascertained 
or known) of a column of same length, but whose least side or diam- 
eter (outside) is = 6. 

The more similar and the nearer in size the respective cross-sec- 
tions arc, tiie closer will bo the result. That is, the comparison 
between two circular columns, each 1" thick, will be very much 
nearer correct than between two circular columns, one }" thick and 
the other 2" thick, or between a square and a circular column. The 
thicker the shell of a column the less it will carry per scjuare inch. 
The formula (34 and 35) are hardly exact enough for safe practice, 
but will do for ascertaining approximately the necessary size of col- 
omn, before making the detailed calculation required by formula (3). 

The approximate thickness required for the flanges of plate gir- 
ders is as follows : 

Approilmate r 

thickness of -r — a, 

f lanes of plats j— " (36; 

Birdsrs. 5 

Where x= the approximate thickness, in inches, of either flange 
of a riveted girder. 

Where h = the breadth of flange, less rivet holes, all in inches. 

Where c/=the total depth of girder in inches. 

Where r = the moment of resistance in inches. 

Wherea, = the area (less rivet holes) of cross-section of both 
angles at flange, in stjuare inches. 
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Fig. II. 

materials, and are us follows : 



go into bere, it will sufEce for all 
practical purposes to give them. 
They are all based on tbe mod- 
uli of elasticity of tbe different 



FOR A CANTILEVER, UNIFORMLY LOADED. 
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FOR A CANTILEVER, LOADED AT FREE END. 
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Fig. 12. 

FOU A BEAM, UNIFORMLY LOADED. 
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Fig. 13. 

FOR A BEAM, LOADED AT CENTRE. 
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FOR A BEAM, LOADED AT ANT POINT. 

Greatest deflection is near the centre, not at the point where load 
is applied.^ 

9.l.e.i, T S 

AVhcre u == uniform load, in pounds. 
Where w = concentrated load, in pounds. 
Where / = length of span, in inches. 

Where e=z the modulus of elasticity, in pounds-inch, of the mate- 
rial, see Tables IV and V. 

Where t = the moment of inertia, of cross-section, in inches. 
Where m and n = the respective distances to supports, in inches. 

Where 8 = the greatest deflection, in inches (see Formulas 28 and 
29). 

FOR A CANTILEVER, LOADED AT ANT POINT. 

Greatest deflection is at free end ; if y = distance from support to 
load, in inches, then : ' 

S = T-^ (42) 

EXPANSION AND CONTRACTION OF MATERIALS. 

Expansion of All long iron trusses, say about eighty feet long^ 
Iron trusses. ^^ ^^^^^^ should not be built-in solidly at both ends ; 

otherwise the expansion and contraction due to variations of the 
temperature will either burst one of the supports, or else cause the 
truss to deflect so much, as to crack, and possibly endanger the 
work overhead. One end should be left free to move (lengthwise 
of truss) on rollers, but otherwise braced and anchored, tie an- 
chor sliding through slits in truss, as necessary. The expansion 
of iron for each additional single degree of temperature, Fahren- 
heit, is about equal to 145000 ^^ ^^^ length, that is, a truss 140 

> The point of greatest deflection can never be farther from the centre of beam 
than 2-2» of the entire loLgth of span. It can as a rule, therefore, be safely a»- 
somed to be at the centre. If it is desired to find its exact location, uss 

where n = the distance from weight to nearer snpport ; x = the distance of point 
of greaiest deflection from /ar^A^ support; and / = the length of span; «, /and 
msnon!d all be ezpresstsd either in feet or inches. 
* Formula (42) is approximate only, but sufficiently exact for practical use. 
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feet long at 10^ Fahrenheit, voukl gmin in length (if the tempera- 

90 145 9 

tnre adTaneed to 100® Fahrenheit). — 145000 ^^ 100 ^^ * ^^^ ^^* 

•aj, 1|^ inches so that at 100® Fahrenheit the tnm would be 145 feet 
and 1|)| inches loo;;; thi« amount of expansion would necessitate roll- 
ers under one end. Of coarse the contraction woald be in the same 
proportion. The approximate expansion of other materialfl for each 
additional decree Fahrenheit would be (in parts of their lengths), as 
follows : 



con« raction of Wn>«fk«4fc« 
■nat^rfala. 



Fewter. 



st«: 

AntlmoiiT 

Gold, anoealeJ. 

Bismuth 

Copper 

Bnu«5 

SlUor 

GuD meial 

Tin 

LCitd 

SoliUr 



1 
UlOW 



1 

* tSooo 
1 



Zizkc. 



I^y^ Granite. 
1 



1 

i_ 

w 
1 



1 



Fir* Brick 

HanlBilek.... 
Wkit* Marble. 

Slate 

Sandstooe 



I 



^^ j Wbite pine.. 
1 






Cemeut. 



62U00 
1 

210006 

1 
S08000 

1 

S66000 
1 

600000 

1 

1721000 
1 

1^000 
1 

109000 
1 

fioooo 

1 

120000 



The tonsioQ duo to each acKlitional de<zree of Fahrenheit would be 
ot}ual to the modulus of i-hu^tioity of any material moltiplied by the 
aUovo fraction ; or alw.i; 1S6 jK^unds per square inch of cross-section, 
for wr\>Ui:bt-iron. Alxne tljuros are for linear dimensions, the 
supoi livial oxtcn>iou would Iv tnjual to twice the linear, while the 
cu\»ioal o\icn>ion wouM l>e injual to three times the linear. 

Water is at its maximum don>itv a: about 39® Fahrenheit ; above 
that it oxpamls i\v avKlitional lioat, and below that point it expands 
bv less boat. At 32^ Fahrvnheii water freezes, and in so doing ex- 
pands nearly . .- j^art of its bulk, this strain equal to about 80,000 lbs. 

jHM- s.piare ineli will burst iron or other pipi'S not sufficiently strong to 
ro>ist such a prrsMire. The above table of expansions might be useful 
in many oaleulations of expansions in buildings; for instance, were 
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we to make the sandstone copings of a building in 10-foot lengths, 

and assume the variation of temperature from summer sun to winter 

cold would be about 150^ Fahrenheit, each stone would expand 

150.10 1 . - , , . , . ^ • 

108000 ^^68 ^ ^ ^^* ^^^' about f inches, quite sumcient to open 

the mortar joint and let the water in. The stones should, therefore, 
be much shorter. 

OBArHICAL METHOD OF CALCULATIKO STRAINS. — NOTATION. 

Notatlorit The calculation of strains in trusses and arches is 

based on the law jcnown as the 
*< Parallelogram of Forces." Be- 



! CJ^D 




Rf. 19. 



fore going in- 
to same it will 
I b necessary 
! to explain the 
I Dotation used. 
If Fig. 15 rep- 
resents a truss, 
and the arrows 
the loads, and 

the two reactions (or supporting forces), we should call the left reac- 
tion O A and the right reaction F O. The loads would be, taking 
them in their order, A B, B C, C D, D £ and E F. The foot, or 
lower half, of left rafter would be called B E, the upper, half C I, 
while the respective parts of right rafter would be G £ and H D. 
The King-post (tie) is I H, and the struts E I and H 6, while the 
lower ties are E O and O G. 

In the strain diagram. Fig. 16 (which will be explained presently), 
the notation is as usual ; that is, loads A B, B C, C D, etc., are rep- 
resented in the strain diagram by the lines 
ab, be, cdy etc. Rafter pieces B K, C I, D H 
and E G are in the strain diagram 6 I', c t, 
dh and eg(jg and k falling on tbc same point). 
I H in Fig 15 becomes t h in strain diagram. JS 
K I becomes k t, II G becomes A ^, O K \^ 
becomes o X:, G O becomes ^ o, O A becomes 
o a and F O becomes /o. 

Or, in the drawing of the truss itself the 
lines are called, not by letters placed at the 
ends of the lines, but by letters place I each 
fide of the lines, the lines being between ; it is also usual to put these 
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letters in capitals to diftinguiffh them from the letters represendng 
the ftrain diagram, which are» aa asaaL at eadk €nd ol the line ibej 
Tepretent. 

One thing is very trnportant^ howerer, and that is, always to read 
the pieces off in the ccrreet direction and in their proper order. For 
instance, if we were examining the joint at middle of left rafter we 
must read off the pieces in their proper order, as B C, C I, I K, 
E B, and not jamp, as B C, I K, C I, etc^ as this would lead to error. 
8till more important is it to read aroond the joint in one direction, 

as from left to right (Fig. 1 7), that is, in the 
direction of the arrow. If we were to re- 
Terse the reading of the pieces, we shoold 
find the direction of the strain or stress re- 
versed in the strain diagram. For instance, 
if we read K I and then find its correspond- 
ing line I; t in the strain diagram, we find 
its direction downward, that is, polling 

away from the joint, which would make K I a tie-rod, which, of 
course, is wrong, as we know it is a strut. If, however, we had read 
correctly 1 1; it would be pushing upwards, which, of coarse, is correct 
and is the action of a etrut. 

When we come to examine the joint at 0,howeTer, we reverse the 
above and here have to read k t, which is in the same relative direc- 
tion for the point O, as was t k for the point at centre of left rafter* 




Re. 17. 




o I 

Fig. 18. 

The ari'ows in the accompanying figure (18) show how each joint 
must bo read, and remember always to read the pieces in their proper 
succession. 

It makes no difference with which joint or with which piece of the 
joint wo be^^in, so long as we read in correct succession and direc- 
tion, thus: for joint No 1 we can read 
A B, B K, K O and O A 
or K O, O A, A B and B K, 
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or B K, K O, O A and A B, etc. 
In the strain sheet of course we read in the same succession, and 
it will be found that the lines, as read, point always in the correct 
direction of the strain or stress. 

PARALLELOGRAM OF FORCES. 

Parallelogram If * ball l^'ing at the point A, Fig. 19, is propelled 
of Forces, by a power sufficient to drive it in the direction of B, 
and as far as B in one minute, and at B is again propelled by a power 
sufficient to drive it in the direction of and as far as the point C in 
another minute, it will, of course, arrive at C at the end of two min- 
utesy and by the route ABC. 
Itf on the other hand, both powers had been applied to the ball 

simultaneously, while lying at A, Fig. 20, 
it stands to reason that the ball would 
have reached C, but in one minute and by 
the route AC. A C (or £ D), is, there- 
fore, called the resultant of the forces A £ 
and DA. If, now, we were to apply to the 
^ ball, while at A, simultaneously with the 
forces D A and A £, a third force (£ D) 
sufficient to force the ball in the oppo- 
site direction to A C (that is, in the direc- 
tion of C A), a distance equal to C A in 
^>e. 19. one minute it stands to reason that the 

ball would remain perfectly motionless at A, as C A being the result- 
ant (that is, the result) of the other two forces, if we oppostf 
them with a i)ower just equal to their own 
result, it stands to reason that they are com- 
pletely neutralized. Now, applying this to 
a more practical case, if wo had two sticks 
lyinoron A £ and D A, Fig. 21, and holding 
the ball in place, and we ai)ply to the ball a 
force £ D= C A and in the direction C A, 
we can easily find how much each stick must 
resist or push against the ball. Draw a line 
e df Fig. 22, parallel to E D, and of a lengtli 
at anv convenient scale eciual in amount to^^ 
force £ D; through e, Fig. 22, draw a e par- 
allel to A E, and through d draw d a parallel to D A, then the tri- 
angle eda (not ead) is the strain diagram for the Fig. 21, and d a» 
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' A ^ 
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measured by the same scale as e ^, is the amonnt of force re- 
quired for the sticic D A to e^ert, while a e, 
measured by the same scale, is the amount of 
force required for the stick A £ to exert. If 

in place of the force £ D we 
had had a load, the same 
truths would hold good, but 
we should represent the load 
by a force acting downward 
in a vertical and plumb line. 
Thus, if two sticks, B A and 
\ ' A C, Fig. 2S, are supporting 

^ a load of ten pounds at their 

Flgt. 21 and22. summit, and the inclination 

of each stick from a horizontal line is 45^, we proceed in the same 
manner. Draw c b, Fig. 24, at any scale equal to ten units, through 
b and c draw b a and a c at angles of 45^ each, with c &, then meas- 
ure the number of (scale measure) units in 6 a and a c, which, of 
course, we find to be a little over seven. Therefore, each stick must 
resist with a force equal to a little over seven pounds. 

Now, to find the di- 
rection of the forces. 
In Fig. 23 we read 
CB.BAand AC,the 
correspondinjij parts 
[n the strain diagram. 
Fig. 24, arc c b,h a 
and a c. Now the 
direction of c 6 is 
downward?, therefore 
C B acts downwards, 
which is, of course, 
the effect of a weight. ^'•^ 23 and 24. 

The direction, however, of 6 a and a c is upwards, therefore B A and 
A C must be pushing upwards, or towards the weight, and therefore 
they are in compression. Tlie same truths hold good no matter how 
many forces wc have acting at any point; that is, if the point remains 
in equilibrium (all the forces neutralizino; each other), we can con- 
struct a strain diagram which will always be a c/asea polygon with 
as many sides as there are forces, and each side ecjual and parallel 
to one of the forces, and the sides being in the same succession 




ANALYSIS OF TRUSS. 



73 



to each other as the forces are. We can dow proceed to dissect a 
Roof Tru8s«a. simple truss. Take a roof truss with two rafters 

and a single tie-beam. 
The rafters are sup- 
posed to be loaded uni- 
formly, and to be strong 
enough not to give way 




Fif . 25. 



^^4^^ transversely, but to 

s^ >K transfer safely one-half 

\n*i 3 ,' *^of the load on each rafter 

p'' to be supported on each 

1 joint at the ends of the 

rafter. We consider 

each joint separately. 

Take joint No. 1, Fig. 25. 
We have four forces, one O A (the left-hand reaction), being 

equal to half the load on the whole truss ; next, A B, equal to half 

the load on the rafter B £. Then we have the force acting along 

B £, of which we do not as yet know amount or direction (up or 

down), but only know that it is parallel to B £ ; the same is all we 

know, as yet, of the force £ O. Now draw, at any scale, Fig. 26, 

No. 1, o a =rand parallel to 

O A, then from a draw a b 

= and parallel to A B (a 5 

will, of course, lap over 

part of o a, but this does not 

affect anything). Then from 

b draw b e parallel to B £, 

and through o draw e o par- ^ 

allel to £ O. Now, in read-^ 

ing off strains, begin at O A, 

then pass in succession to 

A B, B £ and £ O. Follow 

on the strain diagram Fig. 

26, No. 1, the direction as 

read off, with the finger (that 

is, o Of ab,b e and e o), and 

we have the actual direc- Fig. 26. 

tions of the strains. Thus o a is up, therefore pushing up ; a 6 is 

down, therefore pushing down; 6 e is downwards, therefore pushing 

against joint No. 1 (and we know it is compression) ; lastly, e o is 
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pasbiDg to the right, therefore pulling away from the Joint No. 1» 
and we know it is a tie-rod. In a similar manner we examine the 
joints 2 and 8, getting the strain diagrams No. 2 and No. 8 of Fig. 
26. In Fig. 27, we get the same results exactly as in the above three 
diagrams of Fig. 26, only for simplicity they are combined into one 
diagram. If the single (combination) diagram, Fig. 27, should 
prove confusing to the student, let him make a separate diagram for 
each joint, if he will, as in Fig. 26. The above gives the principle 
jCl ^^ calculating the strength of trusses, graphically, 

and will be more fully used later on in practical 

examples. 

Should the student desire a fuller knowledge of 

the subject, let him refer to " Greene's Analysis of 

Roof Trusses,** which is simple, short, and by far 

the best manual on the subject. 

■ 1-^ -*• B^^..^ In roof and other trusses the line 

blffltt Oi fTBBBMfB .111 

Central. of pressure or tension will always 
be co-incident with the central line or longitudinal 
axis of each piece. Each joint should, therefore, 
be so designed that the central lines or axes of all 
F\g. 27. the pieces will go through one point. Thus, for in- 

stance, the foot of a king post should be designed as per Fig. 28. 

In roof-trusses where the rafters support purlins, the rafters must 
not only be made strong enough to resist the compressive strain on 
them, but in addition to this iv^p^ 

enough material must be added 
to stand tlio transverse strain. 
Each part of the rafter is 
treated as a separate beam, 
supported at each joint, and 
the amount of reaction at each 
joint must bu taken as the load 
at the joint. The same holds 
good of the tie-beam, when it '* 

has a ceiling or other weij^hts suspended from it; of course these 
weights must nil be sl»own by arrows on tbc drawing of the truss, 
so as to get their full allowance in the strain diagram. Strains in 
opjmsito directions, of course, c(»unteract each other; the stress, 
therefore, to be exrrted by the material need only be equal to the 
difference between the amounts of the opposing strains, and, of course, 
this stress will be directed against the larger strain. 
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Fit. 29. 

the central axis. 



We consider an 
arch as a truss with 
a succession of 
straight pieces; 
we can calculate 
it graphically the 
same as any other 
'■""n^^truss, only we will 
find that the ab- 
sence of central or 
inner members 
(struts and ties) 
will force the line 
of pressure, as a 
rule, far away from 
Thus, if in Fig. 29, we con- 
sider A B C D as a loaded half-arch, we 
know that it is held in place by three forces, 
viz.: 

1. The load B C L M which acts through its centre of gravity as 
indicated by arrow No. 1. 

2. A horizontal force No 2 at the crown C D, which keeps the 
arch from spreading to the right. 

8. A force at the base B A (indicated by the arrow No. 8), which 
keeps the arch from spreading at the base. Now we know the direc- 
tion and amount of No. 1, and can easily find Nos. 2 and 3. In an 
arch lightly loaded. No. 2 is always assumed to act at two-thirds way 
down C D,that is at F (where C E = E F = F D = i C D). In 
an arch heavily loaded, No. 2 is always assumed to act one-third way 
down C D, that is at £ ; further the force No. 3 is always assumed 
to act through a point two-thirds way down B A, that is at II (where 
B6 = 6II = HA = |BA). The reason for these assumptions 
need not be gone into here. Therefore to find forces Nos. 2 and 3 
proceed as follows : If the arch is heavily loaded, draw No. 2 hori- 
zontally through E (C E being equal to | C D), prolong No 2 till it 
intersects No. 1 at O, then draw O H (H A being equal to | B A), 
which gives the direction of the resistance No. 8. We now have the 
three forces acting on the arch concentrated at the point O, and can 
easily find the amounts of each by using the parallelogram of forces. 
Make O I yertical and (at any scale) equal to whole load (or No. 1), 
draw I K horizontally, till it intersects O H at K ; then scale I K, 



UMOf 



lad K O (at nme Kile m O I). vUck will g|v« the iSMmiit of the 

forces Xoi. 2 lad S. The Imt of iHJwut of this wnh A B C D, it 

therefore not thnx^ the centnl izis, bat ilong 

£ O H (i cnrre dniwa thraagh £ mud H with the 

liiiet Not. 2 lod S If tin»eiit« is the reel Em of preMore). 

Now let in Fig. »0, A B C E F D A represent a hilf-«ch. We 

can ezimine ABCD suk as before^ aad obtam IK=:to force 



i>l 




y 



same scale as O I. 



Fig. 30. 

Xo. 2 ; K O ^ to resistance (and direction of 
f j^jj^ I / same) at U, where UC = JCD;OI being 

equal to the load on D A. Now if we consider 
the whole arch from A to F, we proceed similar- 
ly. L G U the neutral axis of the whole load 
from A to F, and is equal to the whole load, at 
That L G passes through D is accidental. 
Make K M = i E F and draw L M; also G H horizontally till it 
intersects L ^1 at II, then is G II the horizontal force or No. 2. We 
now have two different quantities for force No. 2, viz. : 1 K and G H, 
1 K in this case Imw^ the larger. It is evident that if the whole half- 
arch is one homoi^eneous mass, that the greatest horizontal thrust of 
any one part, will be the horizontal thrust of the whole, we select 
therefore the lamer force or I K as the amount of the horizontal thrust. 
Now make S P = to I K and P Q = to No. 1, or load on A D and P R 
= to L G or whole load on F A, at any scale, then draw Q S and R S. 
Now at O we have the three forces concentrated, which act on the 
part of arch ABCD, viz. : Load No. 1 (== P Q), horizontal force 
No 2 (= S P) and resistance K O (= Q S). Now let No. 8 repre- 
sent the vertical neutral axis of the part of whole load on F D, then 



LI27E OF FRESSURE. 77 

prolong K O until it intersects No. 3 at T ; then at T we have the 
three forces acting on the part of arch £ C D F» viz. : The load No. 
8 (= Q R), th« thrust from A B C D, viz. : O T (= S Q), and the 
resistance N T (= R S). To obtain N T draw through T a line par- 
allel to R $, of course R S giving not only the direction, but also the 
amount of the resistance N T. The line of pressure of this arch 
therefore passes along P O, O T, T N. A curve drawn through 
points P, U and N — (that is, where the former lines intersect the 
joints A B, D C, F E) —and with lines P O, O T and T N as tan- 
gents is the real line of pressure. Of course the more parts we divide 
the arch into, the more points and tangents will we have, and the 
nearer will our line of pressure approach the real curve. 

Now if this line of pressure would always pass through the exact 
centre or axis of the arch, the compression on each joint would of 
course be uniformly spread over the whole joint, and the amount of 
this compression on each square-inch of the joint would be equal to 
the amount of (line of) pressure at said joint, divided by the area of 
the cross-section of the arch in square inches, at the joint, but this 
rarely occurs, and as the position of the line of pressure varies from 
the central axis so will the strains on the cross section vary also. 
•tress at Intra- Let the line A B in all the following figures repre- 
dos^and extra- ^^^^ ^j^^ ggction of any joint of an arch (the thick- 
ness of arch being overlooked) C D the amount and actual position 
of line of pressure at said joint and the small arrows the stress or 
resistance of arch at the joint. 

We see then that when C D is in the centre of A B, Fig. 31, the 
stress is uniform, that is the joint is, uniformly compressed, the 

amount of compression 
C ) being equal to the aver- 



^ 
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age as above. As the 
I line of pressure C D ap- 

I K |. proachcs one side, Fig. 

AhiitttftitttmttT'iTittittp jLirrrsUr 

creases, while on the fur- 
ther side it decrease?, 
until the line of pressure 
k| CD, reaches one-third 

Fif. 32. see there is no compres- 
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aft A, bat at B tlie compresnoa is eqval to just doable the average 
it was in Fig. 31. Now, as C D passes bejrond the central third of 

A B, Fig. 34, the com- 
pression at the nearer 
i side increases still fui^ 

a , , YD , fc ther, wliilo the further 

A'-'»HWttiinii'ii[|[[||{t jw^lT. t 

P^ 33. opposite direction or ten- 

sion, this action increas- 
ing of coarse the farther 
Jj> C D is moved from the 

5 central third. This 
means that the edge of 
arch section at B would 
txs<sabject to very severe 
Of- 34. crashing, while the other 

edge (at A) would tend to separate or open. When the line CD 
passes on to the edge B, the nearer two-thirds of arch joint will be 
in compression, and the further third in tension. As the line passes 
out of joint, and further and further away from B, less and less of the 
joint is in com[>ression, while more and more is in tension, nntil the line 
of pressure C D gets so far away from the joint finally, that one-half 
of tho joint would be in tension, and the other half in compression. 
Tension means that the joint is tending to open upwards, and as 
arches are manifestly more fit to resist crushing of the joints than 
o{K'ning, it becomes apparent why it is dangerous to have the line of 
pressun) far from the central axis. Still, too severe crushing strains 
must be avoided also, and hence the desirability of trying to get the 
lino of pressure into the inner third of arch ring, if possible. 

But the fact of the line of pressure coming outside of the inner third 
nf arch ring, or even entirely outside of the arch, does not necessarily 
nioun that the arch is unstable ; in these cases, however, we most cal- 
culate the exact strains on the extreme fibres of the joint at both the 
inner and outer edges of the arch (intrados and extrados), and see to 
It that these strains do not exceed the safe stress for the materiaL 
The formulas to bo used, are : 
For tho fibres at tho edge nearest to the line of pressure 

r=^ + 6.-^ (44) 

a a.a ^ * 

And for tho fibres at the edge furthest from the line of pressure 
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Wbere v^ibe stress in lbs., reijuiret] to be exerted by t lie extreme 
edge 6bres (at iotrndos and extrailoa). 

Where x^ tbe distance of liae of pressure from ceoCre of joint in 
iochei. 

Wliere a =: the area of cross section of arcli at the joint, in •qaare 
inches. 

Wbero p ^ tbe total aoiount of pressure at tbe joint in lbs. 

Wbere cl= tbe depth of arch ring at the joint in inches, measured 
from intrados to cxtrados. 

When tbe result of the formulie (44) and (45) is a positive quan- 
tity the stress p should not exceed (y\ ibat Is tbesafecompres^Te 
strestof tbe material. Whcn,however, tbe result of the formula (45) 
fields a negative quantity, the stress r should not exceed ^-> Vtbat 
U tbe safe tensile stress ni tlie material, or mortar. 

The whole subject of arches wUl be treated mnob n 
onto tbe cbapler on arebes. 

A 
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TO ASCERTAIN AMOUNT OP LOADS. 

Let A B C D be a floor plan of a building, A B and C D are the 
walls, £ and F the columns, with a girder between, the other lines 
being floor beams, all 12" between centres; on the left side a well- 
hole is framed 2' x 2'. Let the load assumed be 100 pounds per 
square foot of floor, which includes the weight of construction. Each 
LoAd on o^ ^^3 right-hand beams, also the three left-hand 

BeAma. beams E L, K P and F Q will each carry, of course, 
ten square feet of floor, or 

10.100 = 1000 pounds each uniform load. Each will traofsfer one- 
half of this load to the girder and the other half to the wall. The 
tail beam S N will carry 8 square feet of floor, or 

8.100 = 800 pounds uniform load. One-half of this load will be 
transferred to the wall, the other half to the header R T, which 
will therefore carry a load of 400 pounds at its centre, one-half of 
which will be transferred to each trimmer. 

The trimmer beam G M carries a uniform load, one-half foot wide, 
its entire length, or fifty pounds afoot (on the off-side from 'well- 
hole), or 

50.10 = 500 pounds uniform load, one-half of which is transferred 
to the girder and the other half to the wall. The trimmer also 
carries a similar load of fifty pounds a foot on the well-hole side, but 
only between M and R, which is eight feet long, or 

50.8 = 400 pounds, the centre of this load is located, of course, 
half way between M and R, or four feet from support M, and six 
feet from support G, therefore M will carry (react) 

=: 240 pounds and G will carry 



10 
4.400 



= 160 pounds. 



10 
See Formulae (14) and (15). 

We also have a load of 200 pounds at R, transferred from the 

header on to the trimmer; as R is two feet from G, and eight feet 

from M,.we will find by the same formulae, that G carries 

= IGO pounds and M carries 



lu 

2.200 



= 40 pounds. 



10 
So that we find the loads which the trimmer transfers to G and M, 

as follows: 

At M=250-f-240-}- 40 = 530 pounds. 

" G = 2o0-flG0-|- 160 = 570 pounds. 
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The loads which trimmer O I transfers to wall and girder will, of 
LoAd ori course, be similar. We therefore find the total load- 

walls, ing, as follows 2 
On the wall A B : 

At L = 500 pounds. 
M= 530 pounds* 
N = 400 pounds* 
O = 5S0 pounds. 
P = 500 pounds. 
Q = 500 pounds. 
Total on wall A B = 2960 pounds. 

On the wall C D we have six equal loads of 500 pounds each, a 
Load on Olrdorw total' of 8000 pounds. 
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Rg. 36. 

On the girder E F, we have : 
At £ from the left side 500 pounds, from the 

right 500 pounds. Total 1000 pounds. 

At 6 from the left side 570 pounds, from the 

right 500 pounds. Total 1070 pounds. 

At H from the left side nothing, from the right 

500 pounds. Total 500 pounds. 

At I from the left side 570 pounds, from the 

right 500 pounds. Total 1070 pounds. 

At K from the left side 500 pounds, from the 

right 500 pounds. Total 1000 pounds. 
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Al P from Ihe left liJe SOO pounds, from tbe 

riglit SOO pouDilt. Total 1000 pound*. 

Tola] on girder fi640 pounds. 
An the gipiler is neither nnifarmlv nor gymmetrically loaded, we 
must calculate by Formuls (16) and (17), the amount of e«ch reac- 
tion, whicli will, of course, give the load coming on the columns E 
and F. (These columns will, of couna carrj additional loadt, from 
the ginlers on opposite tide, further, tbe weight of the column should 
be added, also whateTer load comes on the column at floor above.) 
Girilor E F then tranffera to coiumnv, 

AlE = 1000+(i. 1070) + (J. 600) + (1.1070) + (i.lOO0)-|- 
(0. 1000)= 2784 pounds. 

At F = 1000 4- (f 1000) + (|. 1070) 4- (|. 600) +(f 1070) + 
(0. 1000) = 285C pounds. 

As a clieck the loads at E and F mnst equal tbe whole load on the 
girder, and wc liave, in efiect, 

2;84 + 2e56 = Se40. 
Now as a check on the whole calculation tbe load on tbe two col- 
o walla should equal the whole load. Tbe whole load 



being 20'xG'x 100 pomuld 
or 12000 — 400= IIGOO pound: 
And wo have in effect. 

Load on A D 
" CD 



s the weU-hole fifz 100 pounds, 



^ 2960 pounds. 

= 3000 pounds. 

" two columns = 5640 iiounds. 

Total loads =11600 jwunds. 

We therefore can calculate the strength of all the beams, headers 

and trimmers and girders, with loads on. a* above •;iven. 

For the columns and walls, we must 
however add, tlie weight of walla and 
columns above, including all the loads 
coming on walls and columns above the 
point wc are calculating for, also what- 
ever U>ail eomcs on the columns from 
the other sides. If there are openings 
. ^ „ .. in ii wall, one-half the 



ight of walls would be distributed, as 



^^T^r^" 
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indicated by etched lines; where, however, the opening in the wall 
is very small compared to the mass of wall-space over, it would, of 
course, be absurd to consider all this load as on the arch, and pract- 
ically, after the mortar has set, it would not be, but only an amount 
about equal to the part enclosed by dotted lines in Figure 38, the 
inclined lines bein^ at an anirle of 60° with the horizon. Where 
only part of the wall is calculated to bo carried on the opening, the 
wooden centre should be left in until the mortar of the entire wall 
has set. In case of beams or lintels the wall should be built up until 
the intended amount of load is on them, leav- 
ing them free underneath ; after the intended 
load is on them, they should be shored up, 
until the rest of wall is built and thoroui;hlv set. 

^. _. ^ Wind-pressure on a roof is 

Wind Pressure ,, ' 

and Snow, generally assumed at a certam 

load per square foot superficial measurement 
of roof, and added to the actual (dead) weight 
of roof ; except in largo roofs, or where one 
foot of truss rests on rollers, when it is im- 
portant to assume the wind as a separate force, 
acting at right angles to incline of rafter. 

The load of snow on roofs is generally omitted, when wind is 
allowed for, as, if the roof is very steep snow will not remain on 
it, while the wind pressure will be very severe ; while, if the roof is 
flat there will be no wind pressure, the allowance for which will, of 
course, offset the load of snow. 

If the roof should not be steep enough for snow to slide off, a 
heavy wind would probably blow the snow off. 

In case of " continuous girders," that is, beams or girders sup- 
ported at three or more points and passing over the intermediate 
supports without being broken, it is usual to allow more load on the 
central supports, than the formulae (14) to (17) would give. This 
subject will be more fully dealt with in the chapter on beams and 
girders. 

FATIGUE. 

If a load or strain is applied to a material and then removed, the 
material is supposed to recover its first condition (provided it has 
not been strained beyond the limit of elasticity). This practically, 
however, is not the case, and it is found that a small load or strain 
often applied and removed will do more damage (fatigue the mate- 
rial more) than a larger one left on steadily. Most loads in buildings 



Fig. 38. 
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are r ationarj or " dead " load?. Bat where there are ** moTing ** 

loads, such as people moruig, dancing, marching, 
Loads. etc., or machinery Tibrating, goods being carted and 
damped, etc., it is usaal to assume larger loads than will ever be imposed ; 
sometimes going so far as to double the actual intended load, or what 
amounts to the same thing, doubling (or increasing) the factorof-safety, 
in that case retaining, of course, the actual intended load in the calco- 
I At ions. This is a matter in which the architect mnst exercise his 
judgment in each individoal 
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CHAPTER IL 



FOUNDATIONS. 



Nature of Soils. The nature of the soils usually met with on build- 
ing sites are: rock, gravel, sand, clay, loamy earth, "made" ground 
and marsh (soft wet soil). 

If the soil is hard and practically non-compressible, it is a good 
foundation and needs no treatment ; otherwise it must be carefully 
prepared to resist the weight to bo superhnposcd. 
•tepDins -^^^ base -courses of all foimdation walls must be 

Courses, spread (or stepped out) sufficiently to so distribute the 
weight that there may bo no appreciable settlement (compression) 
in the soil. 

Two important laws must be observed : — 

1. All base-courses must be so proportioned as to produce exactly 
the same pressure per square inch on the soil under all parts of 
building where the soil is the same, ^^^lere in the same buildinjj we 
meet with different kinds of soils, the base-courses must be so pro- 
portioned as to produce the same relative pressure per square inch 
on the different soils, as will produce an ec^ual settlement (compres- 
fiion) in each. 

2. Whenever possible, the base-course should be so spread that its 
neutral axis will correspond with the neutral axis of the superim- 
posed weight ; otherwise there will be danger of the foimdation walls 
settling unevenly and tipping the walls above, producing unsightly or 
even dangerous cracks. 

^ Example. 

In a church the gable wall is V G" thicks and is loaded (including 
weight of all walls, floors and roofs coming on same) at the rate of 52 
lbs, per square inch. The small piers are 12'' x 12'' and h' high, and 
carry a floor space equal to 14' x 10'. What should be the size of base' 
courses, it being asswned that the soil will safely stand a pressure of 30 
lbs, per square inch f 

If we were to consider the wall only, we should have tlie total 
pressure on the soil per running inch of wall, 18.52== 93G lbs. 
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Dividing this by SO lbs., the safe pressure, we should need ^~ = 

80 

31,2'' or say 32" width of foundation, or we should step out each side 

32—18 

of foundation wall an amount = 7" each side. 

2 

Now the load on pier, assuming the floor at 100 lbs. per square 
foot, would bo 14 X 10 X 100 = 14000 lbs. To this must be added 
the weight of the pier itself. There are 6 cubic feet of brickwork 
(weighing 112 pounds per foot) = 5.112=560 lbs., or, including base- 
course, a total load of say 15000 lbs. This is distributed over an av- 
er ago of 144 square inches ; therefore pressure per square inch under 
pier. 

15000 -^- ,AAiu 

-=104 or, say, 100 lbs. 
144 

We must therefore make the foundation under pier very much 
wider, in order to avoid unequal settlements. The safe pressure per 
square inch we assumed to be SO lbs.; therefore the area requiied 

would be = oix = 500 square inches, or a square about 22" x 22". 
We therefore shall have to step out each side of the pier an 

amount zr-lz = 5". 
2 

The safe compressions for different soils are ^ven in Table V, but 
in most cases it is a matter for experienced judgment or else experi- 
ment. 

Testing ^^ ^^ usual to bore holes at intervals, considerably 

soils, deeper than the walls are intended to go, at some sj>ot 
where no pressure is to take place, thus enabling tlio architect to 
judge somewhat of the nature of the soil. If this is not sulBcicnt^ he 
takes a crowbar, and, running it down, his experienced touch should 
be able to lell whether the soil is solid or not. If this is noc sulh- 
cient, a small boring-machine should be obtained, and samples of the 
soil, at diilerent points of tlie lot, bottled for every one or two feet 
in depth. These can be taken to the office and examined at leisure. 
The boring should be continued if possible, until liard bottom is 
struck. 

If the ground is soft, new made, or easily compressible, experi- 
ment as follows: Level the ground off, and lay down four blocks 
each, say S" x 3" ; on these lay a stout platform. Alongside of plat- 
form plant a stick, with top level of platform marked on same. Now 
pile weight onto platform gradually, and let same stand. As soon as 
platform begins to sink appreciably below the mark on stick, you 
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have the practical ultimate resistance of the foundation ; this divided 
by S6 gives the ultimate resistance of the foundation per square inch. 
One-tenth of this only should be considlsred as a safe load for a per- 
manent building. 
Drainage of rh*ainage is essential to make a building healthy, but 

&o7l. can hardly be gone into in these articles. Sometimes 
it is also necessary to keep the foundations from being undermined. 
It is usual to lead off all surface or spring water by means of blind 
drains, built underground with stone, gravel, loose tile, agricultural* 
tile, half-tile, etc. To keep dampness out, walls are cemented and 
then asphalted, both on the outsides. If the wall is of brick, the 
Pjjj^ ,^j^iu cementing can be omitted. Damp-courses of slate or 

ing. asphalt are built into walls horizontally, to keep damp- 
ness from rising by capillary attraction. Cellar bottoms are con- 
creted and then asphalted ; where there is pressure of water from 
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Fig. 40. 

tmdemeath, such as springs, tide-water, etc., the asphalt has to be 
sufficiently weighted down to resbt same, either with brick paving 
or concrete. 

Where there are water-courses they should be diverted from the 
foundations, but never dammed up. They can often be led into iron 
or other wells sunk for this purpose, and from there pumped into the 
building to be used to flush water-closets, or for manufacturing or 
other purposes. Clay, particularly in vertical or inclined layers, and 
sand are the foundations most dangerously affected by water as they 
are apt to be washed out. 

Where a very wide base-course is required by the nature of the soil, 
it is usual to step out the wall above gradually ; the angle of stepping 
should never be more acute than 60^, or, as shown in Figure 89. Care 
must also be taken that the stcpped-out courses are sufliciently wide 
to project well in under each other and wall, to prevent same break- 
ing through foundation, as indicated in Figiu'C 40. 

WTiere, on account of party lines or other buildings, the stepping 
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out of a foundation wall has to be done entirety at one ride, the step- 
ping should be even steeper than 60^, if possible ; and particular at- 
tention must bo paid to anchoring the walls together as soon and as 
thoroughly as possible, in order to avoid all danger of the foundation 
wall tipping outwardly. 

Where a front or other wall is 
composed of isolated piers, it is 
well to combine all their founda- 
tions into one,and to step the piers 
down for this purpose, as shown 
inFigure41. Where there is not Fig. 41. 

sufficient depth for this purpose, inverted arches must be resorted to* 

The manner of calculating the strength of inverted arches will 
be given under the article on arches. Inverted arches are not recom- 
mended, however (except where the foundation wall is 
Inverted , . t ,1 x .. . . j 

arches, by necessity very shallow), as it requires great care and 

good mechanics to build them welL 
Two things must particularly be looked out for : 1, That the end 

arch has sufficient 
pier or other abut- 
ment; otherwise it 
will throw the pier 
out, as indicated in 
Figure 42. (This 
will form part of 
calculation of 
Fig. 42. strength of arch.) 

Wlioro there is danger of tliis. Ironwork should be resorted to, to tie 
back the last pier. 

2. The skew-back of the arch should be sufficiently 

wide to take its proportionate 
share of load from the pier (that 
is, amount of the two skew-backs 
should be proportioned to balance 
of pier or centre part of pier, as 
the width of opening is to width 
of pier) ; otherwise the pier would 
be apt to crack and settle past 
arch, as shown in Figure 43. 
P,g 43, An easy way of getting the 

width i»f Fkow-bark grai^hioally is given below. In Figure 44, 




•Ixe of Skew* 
back. 




INVERTBD 



8» 



draw A fi borizonlally &t BpringiDg-Uiie of ioTertcd srcb ; y«ect 
A C at F, and C B at E. Dmw E O at random to vertJcd dirough 
F ; then draw C, aod parallel to O C draw G D ; thou is C D the 
required skew-back.' 

A good way to do 
it to give the archer 
wide skew-backa, and 
then to iDtroduue a 
thick pranito or Wubl 




tbem, aa Ebown in 
■B4S. I'biBwill 
II dowL evenly 
and avoid cracks. 
The Etone must be 
thick enough not to 
break tA dotted \lnet, and should be carefuUj bedded. 

Example, 

A Jbundalitm pier carrying 1 SOOOO B/). ii 0' mide and 3' broad 
The inoerled arches art tack Si" detp. What thiekneti ihotild the 
granite block haeef 

Wo have 
here virtual- l 

ly a granite \ 



long and 36" 
broad, sup- 
ported ftt two 
points (ihe 

of sken- 
bneks) 36" 
apart. The 
load 13 a unifu 



'^^^<::=:^>~^ 



load of 150U00 Iba. The iafc modulus of rupture, 
according to Tablo V, for average granite is( — , 1 = 1B0 lbs. 



; openlna. 
of Invecti 



Iff. In locb cuca, 1 



.■3.',! 



pUca of tnvecid antiiM. Tb.tn, t 



)weTBr, etepping oim generally be reWMIod to 



<r iusiwua tlia vlillU ot ikawbuik, Q D, 



Llngwers venrwldo ■nJ tlia 
\\ Ihlrd ol C J), It mlGht b* 
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= 8 750 



The bending moment on tlib beam, aoootding to FormnU (21) is 

u.t 150000.36 ^,,^^ 
m= g- = g = 675000 

The moment of resistance, r, is, from Fonaola (18) 

m _ 675 000 
"F\ 180 

From Table I, Na 3, we find 
r=^. therefore 

-7-= S750 ; now, as 6 = 86, transpose and we have 

^ 8750.6 ^^, 
d«=:-3g- = 625. 

Therefore d = 25" or say 24''. The taze of granite block would 
have to be 5' X 8' X 2'. 



- 6o'. 



As this woold be a rerj nn- 
wieldf block, it might be split 
in two lengthwise of pier; that 
is, two stones, each 5' x 18'' x 
2' should be used, and clamped 
together. Before building piers, 
the arch should be allowed to 
get thoroughly set and hardened, 
to avoid any after shrinkage of 
the joints. 

A parabolic arch is best. Next in order is a pointed arch, then 
a scmiK^ircular, next elliptic, and poorest of all, a segmental arch, if it 
is very flat. But, as before mentioned, avoid inverted arches, if pos- 
sible, on account of the difficulty of their proper execution. 
P^ . A rock foundation makes an excellent one, and needs 

foundations, little treatment, but is apt to be troublesome because of 
Wilt er. Remove all rotten rock and step oif all slanting surfaces, to make 




Fig. 46. 




Fig. 47. 

level beds, fillino; all crevices with concrete, as shown in Figure 47 : 
In no case, build a wall on a slanting foundation. 
Look out for springs and water in rock foundations. Where soft 
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soils are met in connection with rock, try and dig down to solid rock, 
or, if this is impossible, on account of the nature of the case or ex- 
pense, dig as deep as possible and put in as wide a concrete base- 
course as possible. If the bad spot is but a small one, arch over 
from rock to rock, as shown in Fiffure 48 : 




Fig. 48. 

Good hard sand or even quicksand makes an excel- 
rfnd clay, lent foundation, if it can be kept from shifting and 
clear of water. To accomplish this purpose it is frequently "sheath- 
piled " each side of the base course. 

Gravel and sand mixed make an excellent, if not the best founda- 
tion; it is practically incompressible, and the driest, most easily 
drained and healthiest soil to build on. 

Clay is a good foundation, if in horizontal layers and of sufficient 
thickness to bear the superimposed weight. It is, however, a very 
treacherous material, and apt to swell and break up with water and 
frost. Clay in inclined or vertical layers cannot be trusted for im- 
portant buildings, neither can loamy eartli, made ground or marsh. 
If the base-course cannot be sufficiently spread to reduce the load to 
a minimum, pile-driving has to be resorted to. Tliis is done in many 
^),ort different ways. If there is a layer of hard soil not far 

piles, down, short piles are driven to reach down to same. 
These should be of sufficient diameter not to bend under their load ; 
they should be calculated the same as columns. The tops should 
be well tied together and braced, to keep them from wobbling or 
spreading. 

Example. 

Georgia-pine piles of IG" diameter are driven through a layer of 
soft soil 15' deepf until they rest on hard bottom, Wliat will each pile 
safely carry t 

The pile evidently is a circular column 15' long, of 16" diameter, 
solid, and we should say with rounded ends, as, of course, its bear- 



ings cannot be perfecl. From Formula (3) we find, then, that Oi« 
pile will taSely earrj- b load. 
(—^ 
w !=- — 4-, now from Table I, Section No. T, uid fifih 

>+^ 

col'jnuii we hftve 

From tlie earns (able we find, for Section No. 7, last column. 



From Tablo IV wo find for Georgia pine, along fibres, ( y) = fiO, 
And from Table II, for wood with rounded ends, 
n ^ 0,0006 7, therefore : 

gQl.750 1507flQ 

*°~. ■ ISO'. 0,0006 7 — 2,867 —«">*< 
^+ 16 

at My SO tons to each pile. 

Sometimes large holei nro bored to the hurd soil and 
"nil** filled with f,-iQd, making " eanl piles." Tlu«, of courw, 
can only be done wlu n- 'In- n ■. i ■:. •■ ..i- hi ]■ jufiicienllT firm to 

keep tl>Q sand froui i ■ . . . ■ liok's are dug down 

And filled in with concrete, or bricli piers are built down j or large Iron 
cylinder! &re sunk down luid the space inside of them driven foil of 
pQoB, or else excavated and filled in with concrete or other masonry, 
or even land, well soaked and packed. If filled with sand, tber« should 
first be a layer of concrete, to keep the sand from possibly eacsping 
at the bottom. 

Where no hard soli can be struck, piles are driven over a large 
area, and numerous enough to consolidate the ground; they should 
not be closer than two feet in the clear each way, or they will cut up 
the ground too much. The danger hero is that they may press the 
ground out laterally, or cause it to rise where not weighted. Some- 
times, by sbeath-pihng each side, the ground can be sufficiently com- 
pressed between the piles, thereby being kept from escaping laterally. 
But by far the most usual way of driving piles is where 
pliasi thcyresist the load by means of the friction of their sides 
against the ground. In such cases it is usual to drive experimental 
piles, to ascertain just how much the pile descends at the last blow of 
the hammer or ram ; also the amount ot fall and weight of ram, and 
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then to compute the load the pile is capable of reslatlng : one-tenth of 
this might be considered safe. 
The formula then is : — 

Where w = the safe load on each pile, in lbs. 

" r = the weight of ram used, in lbs. 

*' /:=> the distance the ram falls, in inches. 

M st=a the set, in inches, or distance the pile is drlTen at the 
last blow. 

Where there is the least doubt about the stability of the pile, use 
three-fourths ir, and if the piles drive very unevenly, use only one- 
half IT. 

Some engineers prefer to assume a fixed rule for all piles. Profes- 
sor Kankine allows 200 lbs. per square inch of area of head of pile. 
French engineers allow a pile to carry 50000 lbs., provided it does 
not sink perceptibly under a ram falling 4' and weighing 1350 Ibs.^ 
or does not sink half an inch under thirty blows. There are many 
other such rules, but the writer would recommend the use of the 
above formula, as it is based on each individual experiment, and is 
therefore manifestly safer. 

Example. 
An experimental pUe ui found to sink one-half inch under the Uut 
blow of a ram weighing 1500 Ibs.y and falling 12'. What wUl each pile 
safely carry? 

According to formula (46), the safe load w would be 

w = TTT-we have, 
10. s 

r= 1500 lbs. 

/= 12.12 = 144", and 

s = J", therefore 

1500.144 ,„«^^,, 
w = — jA-T — —43200 lbs. 

If several other piles should give about the same result, we would 
take the average of all, or else allow say 20 tons on each pile. If, 
however, some piles were found to "sink considerably toore than 
others, it would be better to allow but 10 tons or 15 tons, according 
to the amount of irregularity of the soil. 

All cases of piloKlriving require experience, judgment, and more 
or less experiment ; in fact all foundations do. 

All piles should be straight, solid timbers, free from projecting 
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branches or large knots. They can be of hemlock, spruce or white 
pine, but preferably, of course, of yellow pine or oak. 

There U danser, where thev arc near the seashore, of their bcinsj 
destroyed by worms. To guard against this, the bark is sometimes 
shrunken on ; that is, the tree is girdled (the bark cut all around 
near the root) l)efore the tree is felled, and the sap ceasing to flow, 
the bark shrinks on rcry tightly. 

Others prefer piles without bark, and char the piles, coat them 
with a<:phalt, or fill the pores with creosote. Copper sheets aro the 
best (and the most expensive) covering. 

Piles should be of sufBcient size not to break in drivuig, and 
should, as a rule, be about S(/ long, and say 15'' to 18" diameter at 
the top. They should not be driven closer than about 2* 6" in the 
clear, or they will be apt to break the ground all up. The feet 
should l>e shod with wrought-iron shoes, pointed, and the heads pro- 
tected with wrought-iron bands, to keep them from splitting under 
the blows of the ram. 
ah ath- ^^ sheath-piling it is usual to take boards (hemlock, 

piling, ftpruce, wliite pine, yellow pine or oak) from 2"to6" thick. 
Guide-piles are driven and cross pieces liolted to the insides of them. 
The intermediate piles are then driven between the guide piles, mak- 
ing a solid wooden wall each side, from 2" to 6" thick. Sometimes the 
sheath-piles are tongued and grooved. The feet of the piles are cut 
to a ]X)int, so as to drive more easily. The tops aro covered with 
wrouixht-iron caps, which slip over them and are removed after the 
piles are driven. 

Piles are sometimes made of iron ; cast-iron beinj; pref- 
Iron 

piles, erable, as it will stand longer under water. Screw-piles 

are made of iron, with large, s^Tow-sliajxjd flanges attached to the 

foi)t, and they arc screwed down into the ground like a gimlet. 

Slioath-piling is sometimes made of cast-iron plates with vertical 
strenirthcniivi ribs. 

Whore j>ilos are driven under water, great care must be taken 
that thcv arc entirehi immersed, and at all times so. They should l)e 
cut olT to a uniform lovol. Klow the lowest low-water mark. If they 
are alternately wet and dry. they will soon be destroyed by decay. 

After the piles are cut to a level, tenons are often cut 

over piles, on their tops, and these are made to fit mortises in heavy 
wooden ixirders whieh ^ro over them, and on wliich the superstructure 

Tht' si/.-n ■iiv.Mj i»n tlii< i>:tj;o nrt' f'>r heavy buildin^rs : for very light work use 
|.llr«. of ^" l«> '.•" tliamoiiT ai t«»ps, aboul 'M foot long and IG" apart. 
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rests. This is usual for clocks, ferry-houses, etc. For other buildings 
we frequently see concrete packed between and over their tops; this, 
however, is a very bad practice, as the concrete surrounding the tops 
is apt to decay them. It is In'tter to cover the j)iles with 3"x 12'' or 
similar planks (well lajLT-screwed to piles, where it is necessary to steady 
the latter) and then to build the concrete base course on these planks.* 

Better yet, and the best method, is to get largo-sized building- 
stones, with levelled beds, and to rest these directly on the piles. In 
this case caro must be taken that piles come at least under each cor- 
ner of the stone, or oftener, to keep it from tipping, and that the 
stone has a full bearing on each pile-head. On top of stone build 
the usual base-courses. 

Piles should be as nearly uniform as possible (particularly in the 
case of short piles resting on hard gi'ound), for otherwise their re- 
spective powers of resistance will vary very much. 

^1 It is well to connect all very heavy parts of buildings 

Joints, (such as towers, chimneys, etc.) by vertical slip-joints 
with rest of building. The slip-joint should bo carried through the 
foundation-walls and base-courses, as well as above. 

Where there are very high chimneys or towers, or unbraced walls, 
the foundation must be spread sufficiently to overcome the leverage 
produced by wind. These points will be more fully explained in the 
chapter on " Walls and Piers." 

All base-courses should be carried low enough to be 
ro»t. below frost, which will penetrate from three to five feet 
deep in our latitudes. The reason of this is that the frost tends to 
swell or expand the ground (on account of its dampness) in all direc- 
tions, and does it with so much force that it would be apt to lift the 
bas&<;our8e bodily, causing cracks and possible failure above. 

^ The streugth of plauks i» oalculateii the same aa for beams laid on their flat 
•ides. 
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CHAPTER nL 

CBl.I.lR AXD SETAIKIXO WALLS. 

JJfALTTlCAL soLunox. 
TYTHE mrchitect is aometiiiiei called npoo to 
^^ build Tetaining-walla in cooneetioii with ter- 
nces, (H^umeDUl brii^e^ dtj rcflerroin, 
n- Bbmlmr prafalenu. Then, too, kll cellar walU, 
where not ■djotuing other bnHdinga, become re- 
Uining walla ; hence the necenitj to know how 
to aacertain thor strength. Some writen dis- 
tingoish between " face-walU " and " retaining 
iralls " ; a face-wall bdng built in front of ai^ 
gainst grovDd which has not been disturbed 
uid U not lilcdj to elide ; a ret^ning^wall bdng 
1 wall that haa a fiUed-in backing. On thia th^ 
ory B, face-wall would hare a purelj ornamental 
duty, and would receive no thmat, care being 
n and building-operations not to allow damp 
o the ground so as to prevent ita rotting or losing ita 
natural tenacity, and to drain off all Eurface or nndcrground water. 
U st'oms to the writer, however, that the only walla that can taftly 
bo coniiidcrvd aa " face-walla " arc those bnilt against rock, and that 
nil walla built against other banks should be calculated as retaining* 
walls. 

MOM Koonoml- The croas-sectioa of ret^oing-walla vary, accord- 
cal •action, ing to circumstances, but the outside anrfaco of wall 
is generally built with a " batttr " (slope) loicards the earth. The 
most economical wall is one where both tbo outside and back tar- 
faces batter luirariU tbo earth. As one or both surfacea become nea> 
ly vertical the wall requires more material to do the aatae work, and 
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tliQ most Q.ttrBvugatit dusi^u of all ia vrliero the back face battcra 
Aviaj from iho eartli; of course, tlie outsido cxposeJ surface ol wall 
must citliur batter towards Cbs earth (A B in Figure 49) or l« 
Tortical, (A C) ; it cannot batter away from the grounJ, otlienri'c 
the wall would ovorLang (as shown at A D). \Vbero tbc eourpcs of 
masonry are built at right augluu to tbo outsida surface tbe wall will 
be stronger tlian where tbcy arc all horizontal. 

Thus, for tlio same amount of material in a wall, and same height, 
Figaro BO will do tiie most work, or be the strongest retaining- wall. 
Figure 01 the noxt Btrongett, Figure ca the next. Figure fi3 next. 
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To calculate the resistance of a retaining-wali proceed as followf : 
Height of Line The 



of rreeeurv. cen- 
tral line or aids of the 
pressure O P orp of 
backing will be at ono- 
third of the height of 
back surface, meas- 
ured from the ground 
lines,^ that is at O in 
Figure 66, where A O 
= 4,AB. 

The direction of the 
pressure-line (except 
for reservoirs) is usu- 
ally assumed to form 
an angle of 57^ with 
the back surface of 
wall, or 

L POB = 67o. 

For water it is as- 
sumed normal, that is, 
at right angles to the 
back surface of wall. 

If it is desired, how- 
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ever, to be very exact, erect E perpendicular to back surface, and 
make angle E O P, or (Z. x) = the angle of friction of the filling-in 
or backing. This angle can be found from Table X. 
Amount of pree- The amount (p) of the pressure P O is found 
sure -General ^^^^ ^j^^ foUowinjr formuljE : 



case. 



If the backing is filled in higher that the wall,* 



Backing higher 
than Wall. 



V — 



tr.L^ 



sm* 



O/-5) 
sin. (y+x) 



2 sin*'*, y 
If the backing is filled in only to the top level of wall, 

ir.L^ sin. x 
^=~2 sin (y+2 x) 



Backing level 
with Wall. 



- (47) 



(48) 



I ^cot. X - cot (y + 2x) — y/cot y - cot (y -f" 2x) ) 

» YThero tho earth \i\ front of the outsido surface of wall C D Is not packed 
Terv solidly below tho grade line and against tho wall, the total helfht of wall 
N 13 (ijiclnding part underground) should bo taken, in place of A B (the height 
above grade line). 

'Tlio top slope of backing In this ease should nerer form an angle with the 
horizon, greater than tho friction angle. 
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Where p = the total amount of pressure, in pounds, per each run- 
nmg foot in length of wall. 

AVhere w= the weight, in pounds, per cubic foot of backing. 

Where L^the height of retaining wall above ground, in feet. 
See foot note 1, p. 98. 

Where y = the angle formed by the back surface of wall witli the 
horizon. 

AVhere x = the angle of friction of the backing as per Table X. 

TABLE X.« 



Material. 



Atebaoe (except water). 

Very oompaot earth 

Dry olay 

Sharp pebbles 

Dry foam 

Sharp broken stones 

Dry rammed earth 

Dry sand 

Dry grarel 

Wet rammed earth 

Wet sand 

Wet grarel 

Bound pebbles 

Wet loam 

Wet clay 

Salt water 

Bain water 



w eigne per ouoio 
foot. 


Angle of friction. 


«?. 




120 


sy> 


115 


650 


100 


450 


110 


450 


100 


40» 


100 


88^ 


110 


870 


112 


839 


110 


839 


125 


270 


125 


WO 


126 


2i9 


110 


239 


130 


11^ 


125 


1T> 


64 


09 


Q2h 


0' 



Even those who do not understand trigonometry can use the abore 
formulae. 

It will simply be necessary to add or subtract, etc., the numbers 
of degrees of the angles y and x, and then find from any table of 
natural smes, cosmos, etc., the corresponding value for the amount 
of the new angle. The value, so found, can then be squared, multi- 
plied, square root extracted, etc., same as any other arithmetical 
problem. Should the number of degrees of the new angle be more 
than 90^, subtract 90^ from the angle and use the positive cosine o^ 
the difference in place of the sine of whole, or the tangent of the 
difference in place of the co-tangent of the whole ; in the latter case 
the value of the tangent will be a negative one, and should have the 
negative sign prefixed. 

Thus, if « = 83° and y = 50®, formula (47) would become: 
_ tc. L^ 8i n.a(17)o 

2 ' sin.a 6O.0 sin. 88® 



/> = 



>Ab'»^o table of friction angles is taken from Klasen's **J{ochbau und BrVLeh' 
tnban - Conatruciiotum,** As a rule it will do to assume the angle of friction atSS^ 
and the weight of baclLlng at 120 lbs. per cubic foot, except in the case of water. 
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The values of which, found in a table of natural sines, etc^ is' 
w. L2 0,20242 



P = 



0,700-. 0,1)994 



=:?^. 0,1458 = 0,729. tt7.L« 
2 

Similarly, in formula (48), we should have for the quantity : 
y/cot. X - cou (^ 4- 2x) = Y^cot. 330 - cot. 1 1 6® 

= y/cou 33« - [- tg. (116<> - 90<>)] 

= y/cot. 33<^ + tg. 260 

:=y/l,5399 4-0,4877 

= Y/2,027G =1,424 
Averase Cai«. As already mentioned, however, the angle of fric- 
tion — (except for water when it is=0°, that is, normal to the back 
8urf;u-e of wall) — is usually assumed at 33® ; this would reduce above 
formula} to a very much more convenient form, viz. : 
For the average angle of friction (33®) 
If the backing is higher than the wall : 



Backing higher __ tc. IJ . (10- n. 0,55)^. Vl44 + n« (49J 



than Wall. ^^ 2 (lO-j- /i. 0,55). 144 

Or, if the backing is level with top of wall : 

Backing level _. fc, L^ V'l44+ng / jA Pi^_ ^'M"ll 

with Wall. ' 2 * y + «.l,7*V^ 6-|-fi.0,9"~ 

cA._..(u-iiy (5^j 

V 12 5 4- lu 0/J/ ^ ^ 

"NVlicre p, tc and L same as for formulae (47) and (48). 
'^Vllere ri = amount of slope or batter in inches (per foot height of 
wall) of rear surface of wall. 

Tlnis, if the rear surface sloped towards the backing three inches 
(for each foot in height) we should have a positive quantity, or 
fi = 4-3. 
If the rear surface sloped aicaf/ from the backing three inches 
(|Hr foot of height), n would become negative, or 
n = — 3. 
When the roar surface of wall is vertical, there would be no slope, 
ivnd wo would have 
Cellar Walls. n==0. 

The latter is the case generally for all cellar walls, which would 
ntill further simplify the formula, or, for cellar walls where weight 
of soil or backing varies materially from 120 poimds per cubic foot. 
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^SySirir^Vir ;> = ^^.L^. 0,138. (51) 

For cellar walls, where tlie weight of soil or backing can be safely 
assumed to weigh 120 pounds per cubic foot 
"•i'fJarcSii.- />="§. L«. (52) 

Where /> = the total amount of pressure, in pounds, per each 
running foot in length of wall. 

"Where M?^the weight, in pounds, per cubic foot of backing. 

Where L = the height, in feet, of ground line above cellar bottom. 

For different slopes of the back surface of retaining walls (assum- 
ing friction angle at 83°) we should have the following table ; -f" 

denoting slope towards backing, - denoting bJope away from backhig. 

TABLE XI. 



Slope of back sur- 
faoeof wall in inches 
per foot of height. 



-} 4// 

--2// 
.-Iff 

0" 
— 1" 
—2" 
—3" 
—4" 



Value of p for backings of 
(llifereut vreights per cubio 
foot. 






j?=0,072. 
p=0,088. 
ji;=0,008. 
J)=0,112. 
p=rO,13d. 
j»=:0,167. 
»=0,185. 
/>=0,205. 
p=0;258» 



tc,U 
iD.U 
fC.L* 

to.U 



Value of p for the average 
backing, aasuineil to weigh 
120 lbs. per cubio foot. 



p= 8§. U 
p=n . L« 
;;=12 . L» 
p=l[ik, L» 
j»=16l. L« 
p=19 . L* 
»=22i. I^ 
p=2^. U 
p=21 . L» 



Now having found the amount of pressure p from the most conven- 
ient formula, or from Table XI, and referring back to Figure 66, 
proceed as follows : 

To find Curve of ^i^d the centre of gravity G of the mass ABC D,* 
Pressure. from G draw the vertical axis G II, continue P O 
till it intersects G II at F. Make F H equal to the weight in pounds 
of the mass A B C D (one foot thick), at any convenient scale, and 
at same scale make II I = /> and paral- 
lel to P O, then draw I F and it is the 
resultant of the pressure of the earth, 
and the resistance of the retaining wall. 
Its point of intersection K with the 
Amount of base D A is a point of 

8tressat Joint, the curve of pressure, j^^' < 

To find the exact amount of pressure V ri 

bn the joint D A use formula (44) for the ^'** ^^* 

edge of joint nearest to the point K or edge D, and formula (45) for 

the edge of joint farthest from the point K, or edge A. 

» To find the centre of gravity of a tratiezoiil A B C D, Fig. 57, prolong C IJ until 
BF-OI-DA and prolong I) A until A K = I) H = C B, draw E 1 and II Fa ul 
their point of iuterseotiou Gls the centre of gravity of the whole. 





formula (n't w!u 

a •^ a^ 

W bo the centre of D A, that is D Jl = BI A = J. D A, bhiI re- 
uueriag lliat the piece of wall wa arc calculatins, is onl/ oao nm- 
!ixit (or one foot thick), we should bate 
■ * ^ K M ; oxpressed in inches. 
tOTo^AD.ia; (A D ozpresscd in inches), 
F^n- rf = A D i in im-hes, ami 

li 71^ P I, in lb?., measured at sama icale as F H and U I ; or, 
UM at D, (the nearer cdire of i[>int^ would be ii, in pounds, per 



RtmenAering to measure 



ea exeepl F I, which must 
e measured at same ecaJi: 
1 was used to lay out F II 
nd n T. Similarly wc should 
btain the stress at A ia 
ounds per square int-h. 
__FI . KBl.FI 
~ 515:12 12^05* 

should not exceed the safe 
_.-usliing strength of the ma- 
terial if positive; or if u is 
negative, the tiafa tensile 
strength o£ (lie mortar. If 
we find the wall too weak, 
we must enlarge A D, or if 
too strong, wc can diiuiaish 
it ; in eitlicr caee, Unding 
the new centre of gravity G 
of the new ma^s A li C D 
and rcpcitint; the oi>oration 
from that point ; Uie pre*- 
*■' sure, of course, rcniiuning 

PI,, it, thesamcsolongastheslope 

of back surface remains imaltered. If tlio wall is a vor)- liigli one, it 
fhould be divided into several sections in height, and each section ex- 
amined separately, the base of each section being treated the same aa 
if it were the joint at the ground line, and the whole mass of wall in 
the section and above the section being taken in each time. 
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Thus in Figure 08, when examining tlie part A, B C D, we shoiiU 
find O, P, for the part oa\y, using L, ns its bciglit, tho point 0, ijcing 
at oae third the huiglit ot A, B or A, O, = f A. B ; G, would be the 
cealre of gravity ot A, B C D„ wliile F, II, would be equal lo the 
weight of itj mau,onc foot Ihiok; tliis gives one point of tiit curve of 
preuure at li,, with the amount of pressure:=F, I„ eo that we caa 
cxanune the prcraurea on the fibres at D, and A,. Similarly when com- 
paring the sectioD Au B C D„ we Lave the height L,^ and bo Hod the 
amount of proasuro 0„ ?„, applied at 0,„ where A„ 0„ ^ i A„ B j 
G„ is centre of gravity of A„ B C D„ while F^ n„ is eijual to the 
weight of A„ B C D„ one toot thick, and F„ I„ gives ua the amount 
of pressure on the joint, and another point E„ of curve of pressure, 
so that wo can examine the stress on the fibres at D„ and A„. For 
tlio whole niasB A B C D we, ot course, proceed as before. 
RsHinoir For reservoirs the line of presauro O P is always 

Walls, at right angles lo the back surtaca ot the wall, bo 
that wo can sinipUfy tonnutu (50) uid use for rain water: 
;i = 311. L* 

For salt water ; 

P = S2. L* (54) 

Where p ^ the amount of pressure, in pounds, on one rutming foot 
in length of wall, and at one-third the height ot water, measured from 
rhe bottom, and p taken normal to back surface of wall. 

Where L ^ iho depth ot water in feet. 
irBMckinsiB ^Vhere there is a superimposed weight on the back- 

l-oBdadi ing of a retaioin^wall proceed m follows : 

In Figure 59 draw 
the angle C A D ^ r, 
the angle uf friction of 
rhe material. Then 
toko the amount of 
load, in pounds, 
iug on B C and one 
running foot of it in 
thickness (at right 
ancles lo B C), divide " "^ '" 

this by the area, in feet, of the triangle ABC and add the quotient 
to K", the weight of the backing per cubic toot, then proceed as before^ 
inserting the sum u, in place of ta in forinulie (47) to (SI) and in 
Table XI, when calculating jt ," or ir,^iii-\- ^^t- (50) 
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Where ur, = the amount, in pounds, to be lued in all the f ormoliB 
(47) to (51) and in Table XI, in place of w. 

Where to == weight of soil or backing, in pounds, per cubic foot. 

Where z = the total superimposed load on backing, in pounds, per 
running foot in length of wall. 

Where B = length, in feet, of B C, as found in Figura 59. 

A\Tiere L = the height of wall, in feet. 

Where there is a superimposed load on the backing, the central 
line of pressure p should be assumed as striking the back surface of 
wall higher than one-third its height, the point selected, being at a 
height X from base ; where X is found as per formula (56) 

L.(tr,-ffo) ,5gx 

Where X = the height, in feet, from base, at which pressure is ap- 
plied, when there is a superimposed load on the backing. 

Where L = the height, in feet, of walL 

Where to = the weight, in pounds, per cubic foot of backing. 

Where tt7,=is found from formula (55) 

When calculating the pressure against cellar walls, only the actual 
weight of the material of walls, floors and roof should be assumed as 
coming on the wall, and no addition should be made for wind nor for 
load on floors, as these cannot always be reUed on to be on hand. The 
additional compression due to them should, however, be added 

afterwards.^ 

The graph- 
ical method of 
calculating re- 
taining-walls is 



GRAPHICAL METHOD. 



y/ 

// 



^ 




\ jumuch easier 

\ — --" x^ ^than the ana- 



lytical, being 
less liable to 
cause errors, 
and is recom- 
mended for 
office use, 
though the an- 
alytical method 



« Where a wall is not to be kept bracd until the superimposed wall, etc., Is on 
It, these should of course ho entirely omitted from the calculation, and the wall 
must be made heavy enough to stand alone. 



QBAPUtCAL UETHOD. 10ft 

might often serve aa & check for detecting eirora, vrhen undertaking 
important work. 

If A B C D is the section of a retaining nail and B I the top line 
of backing, draw angle F A H =: x ^ the an^le of friction, osuall j 
aatmned at 33° (except for wat«r] ; continue B I to its intersection 
at E with A M ; over B E draw a semi-circ!e, with B E as diameler ; 
make angle B A G = 2 x (usually S6°), continuing line A G till it 
iotersGcta the continuation of B I at G ; draw G II tangent to semi- 
circle over BE; make GI = GII; draw I A, also IJ parallel to 
B A ; draw J K at right angles to I A ; also B il at right angles to 
A E. Kow for the sake of clearness wo vrill make a new drawing of 
the wall A B C D in Figure 61. 

Calling BM = Z and KJ=:Y (both in Figura 60) make AE=Q 
(Rguro 61) where Q is found from formula (S7) following:— 

9=1^ (") 

Where Q = the length of A E in Figure Gl, in feet, 

Where Y = the length of K J in Figure 60, in feet,' 

'Where Z =the length of B M in Figure 60, in feet, 

C 




Where j =: the weight of one cubic foot of backing, in lbs. 
Where m = the weight of one cubic foot of wall, in Iba. 
Where L =; the height of backing, in feet, at wall. 



MlnallDsorilnal: 
isoaH.ODdAau 



would btra nn point ot iii 



toiha I 



eouMo, B I eboolil neveP bo >teB[>(ir tU 
tlio lino ot Buglo or IrlctiOB TUUlU be i 
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■«»PonB muM Draw E B, diviilc the will into any ntnuber of »e> 
have equal ,, , ,,•,■,- ■!. .1. 

heights. tioDs of c^tiui Ueiglil, in tbis case we nill eav three 

aeetionB. A A, D, D; A, A„ D„ D, and A„ B C D„. Find the cen- 
tres of grarity of tho different parts, viz. : G, G, anJ G,„ aUo F, F, 
«nd F... Bisect D D, at S, also D, D„ &t S, and D„ C at 8„. Draw 
S N, 8, N. and S„ N„ hori/onlaJly. Tiirough G, G, and G„ draw 
vertical axes, and lllrough F, F, and F„ horizontal axes, till the/ in- 
tcr^oct A B at O, O, and 0„. Draw O P, O, P, and 0„ P„ parallel 
to M A, where aoglo M A E := x = angle of friction of soil, or back- 
ing. In fltrain diagram Figure 69 make n 6,^11,, N„; aisob,d,=s 
R, N, and rf, _/; = R N. From h,, d, and /, draw the vertical 
lines. Now begin at a; drawoi parallel toM A; make 6c^S„ll„; 
draw e d parallel to M A i make d e ^ S, It, ; draw e f parallel 
to M A and make/^g^S R. Draw a c, n if, a e, a /and a ^. Now 
returning to Figure CI, prolong P„ 0„ till it interfcots the vertical 
axia through G„ at II„; draw II„ II, parallel to n c till it inlersecti 
F, 0, at U, ; draw II, I, parallel to a li till it intersects the vertical 
axis through G, at I,; draw I. II parallel to o « till it intersects P O 
fttH; draw H I parallel to a/till it interaects tho vertical through 
G at I; draw I K parallel iaa g. Then will points K, K, and K„ be 
points of the curve of pressure. Tho amount of pressure at K^ w!Q 
be a c, at K, it will be a e, and at K it will be n ^, from which, of 
course, the strains on the edges D, D, and D,„ also A, A, and A„ can 
be calculated bj- formula! {ii) and (15). To tihtoin scale, by which 
•oale of strain ^ measure ac,ae and a g, make g h. Figure 62 at 
dlatram. any scale equal to the weight, in pounds, of tho part 
of wall A A, D, D one foot thick, draw h t parallel _/* a, then if i meaa- 
ured at same scale as ^ A, is the amount of pressure, in pounds, at K. 
Similarly make e b^ weight of centre part, and c 
upper part, draw h I parallel d a, and n 
pressure at K, and c n tho pressure al 
scale; or, a still more simple method w 
A A, D, D, in pounds, and one foot thick, and divide this weight by 
the length of If /in inches; tho result being the number of pound* 
per inch to bo used, when measuring lengths, etc., in Figure C2. The 
above graphical method is very convenient for high walls, where it la 
desirable to examine many joints, but care must be lakeit to be turc to get 
the parts all of equal height, otherwise, the result would be incorrect. 
IfbacklnB ^" cAid of a superimposed weight find tc,, as di- 

loaded. nDcted in formula (55), make A T at any scale equal 
to uj and A U = w., draw T E and parallel thereto U V, draw V B, 



ight of 

n n parallel b a, then is e i the 
K,„ both measured at same 
juld be to take the weight of 
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ptTftllel to E B and me V 11, in place of E B, proceeding othi'rwise 
M before. The point! O of applicalion of pressure 1* O, will b« 
siiglill; cbaogcci, particularly Iti tlic uppur part, aa tbcy will l>c liori- 
iontally opposiw the centres of gravity of tho enlarged trapezoids, 
and in iho upper case this point woulil be much liiglicr, the figure 
now being a trapezoid, instead of a triangle as licfore. 
Bunr«fts«d Wbero a wall is made very thin and then buttressed 
walls, at intervals, all calciJations can be made the eame aa 
for walls of same thicicnets throughout, but the vertical axis through 
centre of gravity of wait should bo shifted bo aa to pass through the 
centre of gravity of tho whole mass, in- 
cluding buttresses ; and the weight of Uiin 
part of wall should be increased proportion- 
ately (o the amouut of buttress, thus : If a 
12" wall is buttressed every 6 feet (apart) 
I with 2' X 2' buttresses, proceed as followt : 
Find the centre of gravity G of the part 
jf wall A B C D (in pkn) Figure 63, also 
:entre of gravity F of part E I 11 C, draw 
lines through F and G parallel to wall. 
Now make a b parallel to wall and at any 
scale efjual to weight or area of A B C D 
jJiw^^^liw"""^ fi c equal to that of E I II C. From 
Fi2. ea. any point o draw the lines oa,ob and o e; 

DOW draw K L (anywhere l«twecn parallel lines F and G), hut paral- 
lel to b o, and from L draw L M parallel to o r, and from K draw K 
M parallel to o o, a line through their point of intersection U drawn 
parallel towall is tho neutral axis of the whole mass. When D {_, 
drawing the vertical section of wall-part A B C D, li'iguro P~ 

6i, therefore, instead of locating the neutral axis through I 

the centre of wall itwill be as far outside as Mis from BC, I 

ia Figure G3 ; that is, at G H, Figure C4. 

When considering the weight per cubic foot of wall, i 
add the proportionate sham of buttress ; now in Figuru i 
there are 4 cubic foet of buttress to every 7 feet of wall, ^'' **■ 
so that we must add to tho usual weight w per cubic foot of wall } u 

To put this in a formula. 




i^ 



'„ = . (.+!;) 



(•>) 
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Where w„ = the weight per cubic foot, in pounds, to be ascd for 
buttressed walls, after finding the neutral axis of the whole mass. 

Where tt7 = the actual weight, in pounds, per cubic foot of the 
materiaL 

Where A = the area in square feet of one buttress. 

'Where A,= the area in square feet of wall from side of one but- 
tress to corresponding side of next buttress. 
Walls with Buttresses, however, will not be of very mnch Talue, 

counterforts, unless they arc placed quite close together. But- 
tresses on the back surface of a wall are of very little value, unless 
thoroughly bonded and anchored to walls ; these latter 
are called counterforts. It is wiser and cheaper in most 
cases to use the additional masonry in thickening out the 
lower part of wall its entire length. 

B^.i.*...«<^ "Where frost is to be resisted the back 

Rsslstancs 

tofrost«part of wall should be sloped, for the 
deptli frost is likely to penetrate (from 3 to 4 feet in Fig. 6S. 
our climate), and finbhed smoothly with cement, and then asphalted, 
to allow the frozen earth to slide upwards, see Figure 65. 

Example I. 

Cellar wall to -^ ^^^ story and attic frame house has a 12" brick 

frame dwlUng* foundation tra//, the distance from cellar bottom to 

ground level being 6 feet. The angle of friction of ground to be assumed 

at 83® and the tceight per cubic foot at 1 20 pounds. Is the wall safe f 

The weight of wall and superstructure must, 
of course, be taken at its minimum, when cal- 
culating its resistance to the ground, we shall, 
therefore, examine one of the sides on which 
no beams or rafters rest. The weight will con- 
sist, therefore, only of brick wall and frame 
wall over. We examine only one running foot 
of wall, and have 
8 cubic feet of brick at 112 lbs. = 896 lbs 
24 feet (high) of frame wall at 15 lbs. = 360 " 
Total weight resisting pressure = 1256 " 
The pressure itself will be according to form- 
ula (52) 

7)=1G§. L2=16f. 36 
= GOO lbs. 

Now make D O = J. D C. Make angle 

r O C = 57° ; prolong P O till it intersects the 




Fig. 06. 



EXAMPLES. t09 

vertical neutral axis of wall' at F ; make F H = 1256 pounds, at any 
scale, draw II I parallel to P O, and make III =j9 = 600 pounds at 
same scale. Draw I F, then is its point of intersection K (with D A) 
a point of the curve of pressure, and F I (measured at same scale) is 
the amount of pressure p to be used in formulas (44) and (45). By 
careful drawing we will find that K comes J" beyond A (outside of 
A D), or 6 J" from centre E of A D. F I we find measures 1660 
units, therefore p = 1660 pounds. 

To find the actual stress or resistance i; of edge of fibres of brick- 
work at A use (44), viz. : 

a ' a, a 
and as p = 1660 and x = E K = ^" and a = 12. 12 = 144 inches 
and (/== A D= 12" we have : 

as this is a positive quantity it will be compression. 

The resistance of edge-fibres at D will be according to formula (45) 

1660 « 64.1660 ,,1 oTi o/j 1 

r=-j^-6.^^^^ = llJ-87J = -26 pounds 

as this is a negative quantity D will be subjected to tension ; that is, 
there is a tendency for A B C D to tip over around the point A, the 
point D tending to rise. The amount of tension at D is more than 
ordinary brickwork will safely stand, according to Table V, still, as 
it would only amount to 26 pounds on the extreme edge-fibres and 
would diminish rapidly on the fibres nearer the centre, we can con- 
sider the wall safe, even if of but fairly good brickwork, particularly 
as the first-story beams and girders and the end and possible cross- 
walls, will all help to stiffen the wall. Had we taken a foot-slice of 
the wall under the side carrying the beams, we should have had an 
additional amount of weight resisting the pressure. If the beams 
were 18 ft. spaa, we should have three floors each 9 ft. long and with 
load weighing, say, 90 pounds per foot ; to this must be added the 
roof, or about 13 ft. & 50 pounds, the additional load being: 

Floors, 3. 9. 90 = 2430 

Roof, 13. 50= 650 
Total 3080 

Now make I M = 3080 pounds at same scale as F H, etc., draw 
M F and its point of intersection N with D A would be a point of 

> It fhould really be the vertical neutral axis of the whole weight, which would 
be a trifle nearer to D thau centre of wall. 
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the curve of pressure, and F M, at same scale the amount of pressure 
on D A for the bearing walls of house; E N we find measures 2^'', 
and F M measures 4600 units or pounds. The stress at A, then, 
would be : 

p = l£2? + 6. 2Li£l^ = + 72 pounds, 
144 ' 144. 12 ' *^ 

and the stress at D would be : 

r=1500_C.2ti^=-8 pounds. 
144 144. 12 ^ 

There will, therefore, be absolutely no doubt about the safetj of 

bearing walls. 

Example II, 

Oeilarwall A cellar wall A B C Di$ tohe carried 15 feel he- 

d66P4rthan ad' ^ 

loining buildi ng./oK? the level of adjoining cellar; for particular rea* 

sons the neighboring wall cannot be underpinned* It is desirable not to 

make the wall ABCD over 2' A" thick. Would this be safe f Th€ 

soil is wet loam. 

In the first place, before 
excavating we must sheath- 
pile along line C D, then 
as wo excavate we must 
secure horizontal timbers 
along the sheath-piling and 
brace these from opposite 
side of excavation. The 
sheath-piling and horizon- 
tal timbers must bo built 
in and left in wall. The 
braces will have to be built 
around and must not be 
removed until the whole 
weight is on the wall. 

The wei2rht of the wall 
C G, per running foot of 
longtli, including floors and 
roofs, wo find to be 13000 
pounds, but to this wc must 
add the possible loads com- 
ing on floors, which we find 
to 1)0 GOOO pounds addi- 




Jf-.i, 



Jcole of Lonfthi (inch«f ) 

>** loo,, tf*e> aaa>a V>e^ 



Jcal<» of Jtroin;(l>i) 
Rf . 67. 



tional, or 19000 pounds total, possible maximum load. This load will 
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be distributed over the area of C D E. In calculating the weight of 
A B C D resisting the pressure, wo must take, of course, only the min- 
imum weight ; that is, the actual weight of construction and omit all 
loads on floors, as these may not always be present. The weight of 
walls and unloaded floors coming on A B C D, and including the 
weight of A B C D itself, wo find to be 21500 pounds per running 
foot. Now to find the pressure />, proceed as follows : Make angle 
E, D M = 1 7®, the angle of friction of wet loam (See Table X), and 
prolong D E, till it intersects C E„ at E. Now C E, we find, measures 
52 feet; CD or L is 15 feet ; then, instead of using w in formula 
(51), we must use U7„ as found from formula (55), viz. : 

. 2. 19000 

w for wet loam (Table X) is 130 poimds; therefore, 

tt7. = 130 + ?4^ = 130 + 48, 7 = 179. 

Inserting this value for w in formula (51) we have : 

p = nO. 152. 0,138 = 5558. 

The height X from D at which P O is applied is found from formula 

56, and is : 

^ __ 15. (1 79 — j. 150) __ 15. (1 79 — 100) _, 

2.179 — 150 858 — 160 

6',697=«5'8J" 

Make D = X = 5'8J"; draw PO parallel to E D till it inter- 
sects the vertical neutral a.xis of wall (centre line) at F ; make F H 
(vertically) at any scale equal to 21500, draw 11 1 parallel to P O 
and make 11 I=i/>^5558 pounds at same scale, draw I F, then is 
its point of intersection with the prolongation of A D at K a point of 
the curve of pressure, and F I measured at same scale as F H is the 
amount of pressure on joint. The distance K from centre of joint N 
we find is 14^", F I measures 23800 units or pounds; the stress (y) 
at A, therefore, will be, formula (44) : 

28.12 ' 28.12.28 ' 

While the stress at D would be formula (45) 

23800 14 ^23800 ^^^ 

28.12 '28.12.28 

Or the edge at A would be subjected to a compression of 292 pounds, 
while the edge at D would be submitted to a tension of 150 pounds 
per square inch, both strains much beyond the safe limit of even the 
best masonry. The wall will, therefore, have to be tliickened and a 
new calculation made. 



lis SAPK BUILDING. 

Example in. 
Wall to -^ tiagejiit SO feet deep it to be eneloied bi/ a iton^ 

■MB* pit. aall, 3 feet thick at the top and inereating A incliet in 
tkiekntu for every b feet of depth. The tnaU, etc., coming oper tiit 
tKiU weighs 2S00O poundt per running fool, but cannot be included in 
the ealculalion. as peculiar circuTnslances will not aliour brace* to be 
kept againtt the cellar wall, until the iuperimpoted weight it on it. TAe 
turrouading ground to be taten as the average, that it, ISO pouadi 
weight per etibiefoot, and wiA an anqU of friction iff S9°. 







Find B M (=Z) and Q T (=Y) by making at^ea T A E=33» 
and 1! A U = CO" and then proeccding aa uxplmned for Figure 60. 
W(i '^-.tlo B AI and Q T at s^ma scalo as licight of wall A B la dnwB, 
Biid find : 

]tM = Z = 2Sfl. 6" = 25 J 

Q T ^ Y = 9 fu S" := 9 j ; assuming «adi cnUo foot ol 
wall to wcigli ISO pounds vo find Q from Fonnula (57) 
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lis 



|i if 4iL..^.„4i 



O — &§« 25^.120 n r 70 cf 7// 

Make A E = Q = 6' 7" and draw B E. 

At equal heights^ that is» every 5 feet, in this case, draw the joint 
lines D E, D, E., D„ E,^ etc Find the centres of gravity F, F„ F.., 

etc., of the six parts of A E B, 
(see foot-note, p. 101) and also 
the centres of gravity G, G„ G„, 
etc., of the six parts of tlie wall 
itself, which, in the latter case, 
will be at the centre of each 
part. 

Horizontally, opposite the 
centres F, F^ F„, etc., apply 
the pressures P O, P, O^ etc., 
against wall, and pandlel to 
M A. Through centres G, G„ 
G„, etc., draw vertical axes. 
Draw the lines S N, S, N., 

Sii ^u> 6te*> &^ h^^ the vertical 
height of each section. Now in 
Figure 69 make a 6, = R^ N^ ; 

y;A, = R„N..; A.y, = R,N,5 
and j\ /, = R N, Draw the 
vertical lines through these 
points. Now begin at a, make 
a b parallel to P O, make & c = 
R^ Sy ; draw c d parallel P O ; 
make rfe = R,y S,y ; draw e f 




J^ote of uen^thiOfKlies) 
Fig. 69. 



parallel P O, make f g'=^ R,„ S„„ and similarly g h, i J and k I par- 
allel P O, and A « = R„ S„; j ifc = R.S,and /m = RS. Draw from 
a lines to all the points c, c/, «, /, g, etc. Now in Figure C8 begin at 
Py Or, prolong it till it intersects vertical axis Gy at ly, draw ly Hy 
parallel a c till it intersects P.y 0,y at Ily ; draw Hy I,y parallel to a d 
till it intersects vertical axis G,y at I,y ; draw I^ H,y parallel to a e 
till it intersects P„, 0„, at II,y and similarly II,y I,„ parallel af; I,„ !!„ 
parallel a g; !!„, I„ parallel ah; I„ II„ parallel to a i; II„ I, parallel 
to a y ; I, n, parallel to a it ; II, I parallel to a /, and I K parallel to a m. 
The points of intersection K, K,, K„, etc., are points of the curve 
of pressure. To find the amoimt of the pressure at each point, find 



wei^t per mnoirig foot of Icnjib o£ nnj-part of trail, 8af, the bottom 
part (A A, D, D) die contents aru i' high, 4' 8" wide, 1' tluck=6^|. I 
;= 231 eabio fuct k ISO [vjunds 
s^ 3000 pouuils. 

mrlda tbb wi'ighL by tlio length of m I in inches, and wc liaro the 
nnmberof ponmli pur inch, by which to measure the prcasures. Aa 
n I meuores 5G inches, e*c'» "»ch """ represent *[ J" ^C2J lbs. 

Now let us cxaaiiue an/ joint, eay, A,„ D„, ; 1„, II,„ which iuicr- 
MCt* An Dg, at K,„ is porallul to a tj. Xoir a g scales IGG inclics, 
then{c»e,prcs<.ui-cat K„,=1GG. 83^=10375 pounds. Is measur- 
ing the (lista.ui.'i; of K„, from centre of joint in thu fallowing, romcm- 
ber that the niiltli of A,„ D,„ is 44 inchea, tho width of masonry above 
Joint, and not .13" (iho width of masonry below). A,„ K,„ scales 38", 
therefore, disiaiii^f J- "f K,., fmm centre of joint is i^38 — 22;=ll>". 

We have, diui, L^^ L^^^-2^ ^n) 
.. ,„ 10378 ,, 10.10878 ,.._- . 

Ud from formula (49) 

.^..„, . 1087B _. 16;1M75 _ „ ,„,.^ 

«ie«at A,„; " = 4^33- ^ 44J2^4 =-"P°«^ 

The joint A.^ D„, therefore, wodd bo more than ui». 

Let us trf the bottom Joint A D ^miUrly . I K U pudd to a m 
now a m scaloB 480", therefore, the pressnreatE bp=180. 62} is 
30000 pounds. 

Now K is distant 53 inches from centre of joint, therefore) stress 

, , , , . 30000 . 53.30000 ... , 

and stress at A IS tJ = -— -— 8.--—-——- = — 209 pounds. 

5IJ.12 5U.12.3G 

The wall would evidently have to bo thickened at the base. If we 
could only brace the wnll until the superimposed weight were on it, 
this niiglit not be necessary. If we could do tliis wo should lengthen 
b c an amount of inclics equal to the amount of this load divided by 
02 J (llie number ot pounds per inch), or 6 c instead of being 36 inches 
long would be : 



25000 



= 43G inches long. 



IMiile tliis lengtliening of 6 c would make the lines of pressure ae,ae, 
af, etc., very much longer, and consequently the actual pressure very 
much greater, it wUl also malic them very much steeper and conse- 
quently bring tlds pressure so much nearer the centre of each joint. 
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that the pressure will distribute itself over the joint much more 
evenly, and the worst danger (from tension) will probably be entirely 
removed. 



Reservoir 

Wall. 



Example IV. 

A stone reservoir wall is plumb on the outside^ 2 feet 
wide at the top and 5 feet wide at the bottom; the wall 
if 21 feet high, and the possible depth of loater 20 feet. Is tlie wall safe f 

Divide the wall into three parts in height ; that is, D D, = D, D„ r= 
D„ C. Find the weight of the parts from each joint to top, per run- 
ning foot of length of 
wall, figuring the stone- 
work at 150 pounds per 
cubic foot, and we have: 

Weight of A„BCD„ 
= 2975 pounds. 

AVeight of A. B C D, 
= 7140 pounds. 

Weight of A B C D 
= 12495 pounds. 

Find centres of grav- 
ity of the parts A B C D 
(at G), of A, B C D, (at 
G.) and of A„ B C D„ 
(at G„). Apply the 
pressures P O at J 
height of A E ; P. O. at 
^ height of A, E and 
P„ 0„ at i height of 
xV„ E, where E top level 
of water. 

The amount of pres- 
sures will be from form- 
ula (53). I 

For part A„ E; 
r„ 0„ = 31f L2,= 
31f Ca=ll25 pounds. 




L^-" 



Ti 



^222^*22Si^82SSlJ2*** 



Jcole of Jtr^inj Q ^^) 

Jcaleof Length! (m^^O 
Fig. 70. 

For part A. E ; P, O. = Slf L\ = Slf 133 — 528I pounds. 

For part xV E; P0=31f 1.2= Slf 20^ ==12500 pounds. 

The pressures P O, P. 0„ etc., will be applied at right angles to 

A E, prolong these Unes, till they intersect the vertical axes throu<^b 




lie 

(Uw centre* of gn'ritj-) G, G, ancl 0„ nt F, F, an<I F^ Tten mnke 
F„H„^ Z0T3,wei^t of upper part. 
F, H, = 7U0, wdg^i of A, n C 1>„ nod 
F H = 134&3, w^ht of A 11 C 
Draw thnngh U, H, and H„ the line* parallel to jtima llnai 

H.I„=P„0„= U2« 

H,1,=P. 0,= 6381 

H I =P O =1S»00 
Draw I„ F„ I, F, and t T, then wOl tbtlt lengths represent tlie 
amoimto of preunre at ptunta Kb K, and K on iLo joints A^ D,„ A, D, 
and A D. 

F„ I„ meamret 3300 unita or poamls. 

F, ^ " 8600 « " 

F 1 « 18800 « " 
Br ""^ling we find that 

S„ is 104 inchea from oentra <tf D, A, 

K, U 87 » " r>, A, 

K i«74 " "DA 

The Ureues to be exerted t^ the wall will, theretore, be ^ 

.■n 8300 ,. 101.3800 i_-, _ , 

.3300_, 101.3300 gp^^ 



" 3i:.I2 ■ 86.12.36 " 
_ SaOO , - 37.9500 _ 
48.12 ''" '48.12.48 ~ 
^0500_, 37.D500__j,gp^^ 



= -|- 03 pounds. 

S. 1 2.48" 



■ 60.12 



= -f 219 pounds. 

: — 107 pounds. 



' U0.I2 ' G0.12.C0 ■ 

From tbc above it would appcnif that none of the joints are subject 
to excessive compression : fiirlhcr that joint D„Ab is more than safe, 
but ihiit the joints D, A, and D A are subject to such seven tension 
that ihcy cannot bo passed as safe. The wall should, therefore, be 
redesigned, making the upper joint lighter aad the lower two joints 
much wider. 
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CHAPTER IV. 



WALLS AND PIERS. 



WALLS are usually built of brick or stone, which are sometimes, 
though rarely, laid up dry, but usually with mortar filUng all 
the joints. The object of mortar is threefold : 
Oblect of 1. To keep out wet and changes of temperature by 

mortar, filling all the crevices and joints. 

2. To cement the whole into one mass, keeping the several parts 
from separating, and, 

3. To fonn a sort of cushion, to distribute the crushing evenly, tak- 
ing up any inequalities of the brick or stone, in their beds, which might 
fracture each other by bearing on one or two spots only. 

To attain the first object, " grouting " is often resorted to. That is, 
the material is laid up with the joints only i)artly filled, and Hquid 
cement-mortar is poured on till it runs into and fills all the joints. 
Theoretically this is often condemned, as it is apt to lead to careless 
and dirty work and the overlooking of the filling of some j)arts ; but 
practicallij it makes the best work and is to bo recommended, except, 
of course, in freezing weather, when as little water as 2>ossible should 
be used. 

To attain the second object, of cementing the whole into one mass, 
it is necessary that the mortar should adhere firmly to all parts, and 
this necessitates soaking thoroughly the bricks or stones, as other- 
wise they will absorb the dampness from the mortar, which will 
crumble to dust and fail to set for want of water. Then, too, the 
brick and stone need washing, as any dust ou them is apt to keep the 
mortar from clinching to them. In winter, of course, all wetting must 
be avoided, and as the mortar will not set so (piickly, a little lime is 
added, to keep it warm and prevent freezing. 

Thickness of '^^ attain the third object, the mortar joint must be 

Joints, made thick enough to take up any inccjualities of the 

brick or stone. It is, therefore, impossible to set any standard for 
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vxnt5« a9 the more irregular the beds of the brick or stone, the larger 
$b\MiM be the joint. For general bric*kwork it will do to assume that 
tho joints shall not average over onc-t^uarter of an inch alx>ve irregu- 
]Aritios. SiH?cify, therefore, that, say, eight courses of brick laid up 
*• in tlie wall " shall not exceed by more than two inches in height 
oiilbt t*ourses of brick laid up " drv." For front work it is usual to 
caui^J the brick, to get them of exactly even width, and to lay them 
up with one-eighth inch joints, using, as a rule, " putty " mortar. AVhilc 
thi* makes the prettiest wall, it is the weakest, as the mortar has little 
Mrength, and the joint being so small it is impossible to bond the 
facing back, except every five or six courses in height. " Putty " 
mortar is ma<lo of lime, water and white lead, care being taken to 
avoid ail sand or grit in the mortar or on the beds. 
Quality of '^^^^ ^'^' mortar consists of English Portland cc- 

mortars. ment and sharp, clean, coarse sand. Tlie less saml 
the stronger the mortar. 

Sand for all mortars should be free from earth, salt, or other impu- 
rities. It should be carefully screened, and for very important work 
should bo washed. The coarser and sharper the sand the better the 
cement will stick to it. English Portland cement will stand as much 
as three or four parts of sand. Next to English come the German 
Portland cements, which are nearly as good. Then the American 
Portland, and lastly the llosendale and Virginia cements. Good 
qualities of lloseufhile cements will stand as much as two-and-a-half 
of sand. Of linie-', the French lime of Teil is the strongest and most 
cxfKjnsive. (iood, hard-burned lime makes a fairly good mortar. It 
should be thoroughly Flacked, as otherwise, if it should absorb any 
dampness afterwards, it will begin to burn an«l swell again. At least 
forty-i'i'dit hours should be allowed the lime for slacking, and it is 
very desirable to strain it to avoid unslacked lumps. Lime will take 
more sand than .'emcnt, and can be mixed with from two to four of 
sand, niu<h di-pen«ling on the (piality of the sand, and particularly on 
the "fatJU'-'s " <»f the lime. It is bettor to use plenty of sand (with 
lime) rather than too little; it is a matter, however, for practical 
iud""»ent aud experiment, ami while the specification should call for 
but two parts of sand to oue of lime, the architect should feel at lib- 
erty tt) »ll«»w more sand if thou::ht desirable. Lime and Rosendale 
cement are often mixed in ecpial proportions, and from three to five 
imrts of sand addecl ; that i-^, one of lime, one of c«^mont, and three to 
llvo of •'•!^'»«^' ^^ '^^ a«lvisal»le to si)eeify that all parts shall bo actually 
nH'tti»ure»l in barrels, to avoid sueJi tricks, for instance, as hiring a 
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decrepit laborer to shovel cement or lime, while two or three of the 
strongest laborers are shovelling sand, it being called one of cement to 
two or three of sand. A little lime should be added, even to the very 
best mortars, in winter, to prevent their freezing. 
Proxen When a wall has been frozen, it should bo taken 

walls. down and re-built. Never build on ice, but use salt, 
if necessary, to thaw it ; sweep off the salt-water, which is apt to rot 
the mortar, and then take off a few courses of brick before continu- 
ing the work. Protect wallf» from rain and frost in winter by using 
boards and tarpaulins. Some writers claim that it does no harm for 
a wall to freeze ; this may be so, provided all parts freeze together 
and are kept frozen until set, and that they do not alternately freeze 
and thaw, which latter will undoubtedly rot the mortar. 

riaster-of-Paris makes a good mortar, but is expensive and cannot 
stand dampness. Cements or limes that will set under water are 
called hydraulic. 

Quickness of setting is a very desirable point in cements. All ce- 
ment-mortars, therefore, must be used perfectly fresh ; any that has 
begun to set, or has frozen, should be condemned, though many con- 
tractors have a trick of cutting it up and using it over with fresh 
mortar. To keep dampness out of cellar-walls the outside should be 
plastered with a mortar of some good hydraulic cement, with not 
more than one part of sand to one part of cement ; this cement should 
be scratched, roughened, and then the cement covered outside with 
a heavy coat of asphalt, put on hot and with the trowel. In brick 
walls, the coat of cement can be omitted and the joints raked out, 
the asphalt being applied directly against the brick. This asphalt 
should be made to form a tight joint, with the slate or asphalt damp- 
course, which is built through bottom of wall, to stop the rise of 
dampness from capillary attraction. 

In ordinary rubble stonework the mortar should be as strong as 
possible, as this class of work depends entirely on the mortar for its 
strength. 

For the strengths of different mortars, see Table V. 

Some cements are apt to swell in setting, and should be avoided. 

8moke Where flues or unplastercd walls are built, the joints 

flues* should be *^ struck- " that is, scraped smooth with 
the trowel. No flues should be " pargetted " ; that is, plastered over, 
as the smoke rots the mortar, particles fall, and the soot accumulating 
in the crevices is apt to set fire to the chimney. Joints of chimneys 
are liable to be eaten out from the same reason, and the loose por- 
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lions fall or are scraped oat when the floes are deaoedt leaving dan- 
gerous cracks for fire to escape through. It is best, therefore, to line 
up chimneys inside with burned earthenware or fire-clay pipes. If 
iron pipes are used, cast-iron is preferable; wrought-iron, unless very 
thick, will soon be eaten away. Where walls are to be plastered, the 
joints are left as rough as possible, to form a good clinch. 

Wall Outside walls are not plastered directly on the in- 

f urrfnsa- side, unless hollow ; otherwise, the dampness would 
strike through and the plaster not only be constantly damp, but it 
would ultimately fall off. Outside walls, unless hollow, are always 
*' furred." In fireproof work, from one to four-inch thick blocks are 
used for this purpose. These blocks are sometimes cast of ashes, 
lime, etc., but arc a very poor lot and not very lasting. Generally 
they are made of burnt clay, fire^rlay or porous terra-cotta. The 
latter is the best, as, besides the advantages of being lighter, warmer 
and more damp-proof, it can be cut, sawed, nailed into, etc., and holds 
a nail or screw as firmly as wood. These blocks are laid up inde- 
pendently of the wall, but occasionally anchored to the same by iron 
anchors. The plastering is applied directly to the blocks. 

In cheaper and non-fireproof work, f urrings arc made of vertical 
strips of wood about two inches wide, and from one to two inches 
thick, according to the regularity of the backing. For very fine 
work, sometimes, an independent four-inch frame is built inside of 
the stone-wall, and only anchored to same occasionally by iron an- 
chors. Where there arc inside blinds, a three or four inch furring is 
used (or a fireproof furring), and this is built on the floor beams, as 
far inside of the wall as the shutter-boxes demand. To the wooden 
furrings the laths arc nailed. Furrings are sot, as a rule, sixteen 
inches apart, the lath being four feet long ; this affords four nailings 
to each lath. Sometimes the furrings are set twelve inches apart, 
affording five nailings. All ceilings are cross-furred every twelve 
inches, on account of stiffness, and the strips should not be less than 
one-and-three-eighths inches thick, to afford strength for nailing. 
Furrinj^-strips take up considerable of the strain of settlements and 
shrinkage, and prevent cracks in plastering by distributing the strain 
to several stri])s. To still further help this object, the "heading- 
joints " of lath should not all be on the same strip, but should be fre- 
quently broken (say, every foot or two), and should then bo on some 
other strip. Laths should be separated suiliciently (about three-eighths 
inch) to allow the i)laster to be well worked through the joint and get 
a strong grip or " clinch " on the back of the laths. If a building is' 



properly built, lieorcUcally correct in every respect, it sliould not show 
a single crack in plastcriog. PracticBlly, hawevcr, tlua is imposuble. 



•hrlnkasa 



Dut there DCfcr tmeil be any fear of slirinlcagc 



of loints. Boitlemeot, in a well-constructed building, whore tUe 
foQudatioDB, joints and timbers ore properly proportioQcU. Tlia 
danger is never from the amount of settlements or slirinkage, but (lum 
the intquniity of same in diSercnt parts of tba building. Incqua1iti(.'S 
in eettlcments are avoided by properly proportioning the foundations. 
Inequalities in sLrinkage of tbe joints, though quite as important, are 
frequently ovorloolteil by the careless architect. Ho will build in the 
tamo building one wall of brick with mauy joints, another of Btonca 
of all heights and with fen joints, and tlicn put iron columns in ttie 
centre, making no allowance whatever for tho difference in slirink- 
age. If he makes any, it is probably to call for Ihu most exact set- 
ting of the columns, for the hardest and quickest-getting Poriland ce- 
ment for the stonework, and probably be content with lime for tlie 
brickwork, lo avoid uneven rhrinkagcs, allowances should be made 
for Eiune. Brickwork will slirink, according to its quality, from one- 
■ixtoenth to one-eighth inch per story, Ion totwclvofeot higb, and ac- 
cording to the total iieight of wall. Tito higher tho wall, the greater 
the weight on the joints and tlio greater tho slirinkaga. Iron col> 
uinns should, tliorciorc, be mado a trifle shorter than the story ro- 
quires, tho beams being set out of level, l^ivcr at the column. The 
plan should provide for the top of lowest column to bo oniviixteenlh 
or ono-cighlh inch low, while the top of highest column would be as 
many times one-sixteenth or one«iglith inch luw as Uit.<ro were sto- 
ries \ or if there were eight stories, the top of bottom column for the 
Tory best brickwork would be, say, one-siiteenth inch low, and the 
top of highest column would be one-half inch low. Stone walls should 
hare stone backings in courses as hi^li as front stones, if possible ; if 
not, the backing should bo act in the hardest and quickcst-ictting cc- 
£llp. meat. Slooo walls should be connected to bvick 

lointa. walla by means of slip-joints. By this method the 
writer lias built a eity stone-front, some 150 feet high and over £0 
(eel wide, counected to brick walls at each side, without a single stone 
nil, or transom, or lintel cracking in the front. The slt]>joint should 
carry through foundations and base courses where the pressure b not 
equal on all parts of the foundation. If for the sake of design, it is 
necessary to use long columns or pilasters, in connection with coursed 
ttono backings, the columns or pilasters must cither be strong enough 
to do the whole work of the wall, or else must be bodded in putty- 
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mortar with generous top and bottom joints, to allow for shrinkage 
of the more frequent joints behind them ; otherwise, they are apt to 
be shattered. Such unconstructional designs had, however, better be 
avoided. In no case should a wall be built of part iron uprights and 
part masonry; one or the other must be strong enough to do the 
work alone ; no reHance could be placed on theur acting together. In 
Shrinkage frame walls, care should be taken to get the amount 
of timber, of " cross " timbering in inner and outer walls about 
equal, and to have as little of it as possible. Timber will shrink 
" across " the grain from one-fourth to one-half inch per foot. Where 
the outer walls are of masonry, and inner partitions or girders are of 
wood, great care must be taken that the shrinkage of each floor is 
taken up by itself. If the shrinkage of all beams and ^rders is trans- 
ferred to the bottom, it makes a tremendous stram on the building 
and will ruin the plastering. To effect this, posts and columns should 
bear directly on each other, and the girders be attached to their sides 
or to brackets, but by no means should the girder run between the 
upper and lower posts or columns. If there are stud-partitions, the 
head pieces should be as thin as possible, and the studs to upper par- 
titions should rest directly on the head of lower partitions. 
All beds ^^ masonry, all beds should be as nearly level as 

level, possible, to avoid unequal crushing. Particularly is 
this the case with cut stonework. If the front of the stone comes 
closer than the backing (which is foolishly done sometimes to make a 
small-looking joint), the face of the stone will surely split off. If the 
back of a joint is broken off carelessly, and small stones inserted in 
the back of a joint to form a support to larger stones, they will act as 
wedges, and the stone will crack up the centre of joint and walL 
Stones should be bedded, therefore, perfectly level and solid, except 
the front of joint for about three-fourth inches back from the face, 
which should not be bedded solid, but with " putty "-mortar. Light- 
Cement colored stones, particularly lime-stones, are apt to 
stains, stain if brought in connection with cement-mortar, 
A good treatment for such stones is to coat the back, sides and beds 
with lime-mortar, or, if this is not eflicacious, with plastcr-of-Paris« 
Natural All stones should be laid on their " natural beds"; 
*>•«*• that is, in the same position as taken from the quarry. 
This will bring the layers of each stone into horizontal positions, on 
top of each other, ami avoid the " pcelini^" so frequently seen. Ash- 
lar should be well anchored to the backing;. The joints should be 
filled with putty-mortar, and should be sulliciently large to take up 



Blie of ^^'^ ehrinkagc of tLc backing. Stones Ehoiiltl not bo 

■tone*, go large as to risk llio danger of Ibcir bt-in^ improp- 
erly beUJeil aod eo breaking. Protossor llaokino recommcaJs for 
soft slones, soeli aa sand and lima stones, wliicti will cnieh with Icsa 
IliiUi GOOO pounila pressure per Esquare incb, tliat the length shall not 
exceed three times tho depth, nor the breadth one^nd-a-liatf timet 
lliQ depth. For hard stones, which will rcaist 5000 jwundi' compres- 
sion per square ineh, bo allows the longtli to bo from four to five 
lintes tbo depth, and the breadth three limes the depth. Slonta are 
eomelimes joined with "rebated" joiotp, or "dove-iail" joints, the 
Utter particularly in circular work, such as domes or light-houses. 
Sllla bedded ^ ''^^ '" cither stone or brick walls should be 

hollow, bcdilcil at the onda only, and the eenlre part left hol- 
low until the walls are thoroughly set and settled; otherwise, as the 
piers go down, Iho part between ihem, not being bo much weighted, 
will refuse to set or settle equally with them, and will force up the 
centre of sill and break il. Wticre tlicre are lintels across openings 
in onu piece, witli central muUion, the Untel should cither be jointed 
on the muUion, or else the mulUon bedded in putty at the lop. Oth- 
erwise, the linte! will bTO.ik ; or, if it bo very strong, tlio mullion iviU 
split ; for, OS the piers set or suttic, the lintel tends to go down with 
them, and, meeting the mullion, must cither force it down, or c]sa 
break it, or break itself. 

■lip- TVttlls of uneven height, even where of the some 

Joints, material, should bo connected to each other 
by means of a slip-joint, so as to provide for Uio uneven 
shrinkage. Slip-joints must bo so designed that while they JOblS 
allow independent vertical movement to each part, neither "Oil- 
can separate from the otliur in any other direction. Fig- 
ures 71 to 73 give a few examples. 

Figure 71 shows the plan of a gable-wall connected with 
a lower wall, by means of a sUp-Joint. Figure 72 shows the 
corner of a front stone-wall connected similarly with sido- 
wall of brick. Figure 73 ihe comer of a tower or chimney Fi«. 71. 
connected with a lower wnil. Tlio joint must bo built plumb from top 
to bottom. Where the higher wall sets over the tongue above lower 
wall, one or two inches must bo left hollow over the tongue, to allow 
for BCttkment or shrinkage of the higher wall and to prevent its rest- 
ing on the tongue and possibly cracking it off. Where iron anchors 
aro used in connection with sllji-joints, tliey should be so arranged as 
to allow free vertical movement. 
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Such joints and anchors must be designed with reference to each 
special case. In stepped-foundations (on shelving-rock, etc.), or in 

walls of uneven heights where slip-joints 
are impracticable, the foundations or walls 
should be built up to each successive level 
and be allowed to sot thoroughly before 
building further. A hard and quick-setting 
. T" J cement should be used, and the joints made 
DTICkl OlCte as small as possible. In no case should one 

wall of a building be carried up much 

Fif . 72. higher than the others, where slip-joints are 

not to bo used. When building on top of old work, clean same off 
thoroughly or the mortar will not take hold (clinch). In summer, soak 
Old and ^^ ^^^ work thoroughly. Where new work has to 

new walla, bo built against old work, a slip-joint should be used, 
if pc^ssible, or else a straight joint should be used with shp-anchors, 

and after the new work has thoroughly i 

9cU lK>nd-stones can be cut in. In suchj^^^^^ij L Tovs/cr" 

CAM'S the foundations should be spread |J t 

as i\\\\v\\ us |X)ssible, to avoid serious set- 
tloinontH, In all work involving old and 
now walls combined, the quickest and hard- 
cst-*i^lling comi-nts should bo used. Some- 
time* iJ is a«lvisable not to load walls until F'g. 73. 
thov ha\o sot, imloss all walls are loaded alike, as the uneven weights 
on v:r\'on walls aiv apt to crack them. All walls should be well braced, 
auvl »ihh1cu conlros left in till tlicv have sot thoroughly. 
Timt>*r Tiiiilxr of any kind, in walls, should be avoided, 
In wall*, if pi)s>il)le. 
It .vhoulil only bo used iov tcmi>orary support, as it is liable to rot, 

blirink, burn out, or to absorb dampness and 
; \,^ swell, in cither case causing settlements or 

cracks, oven if not endangering the wall. In 
no case bond a wall with timbers. Where it 

» 

- is necessary to nail into a wall, wooden plugs 
are sometimes driven into the joints ; they are 
vorv bail, however, and liable to shake the wall 
^,\ ' j in drivinir. Woo<len strips, let in, weaken the 

\\^, 74. wall just that much. Wooden nailing-blocks, 

ibou-.li ui»t nuu'h better, are lre«[uently use«l. The block should be 
tl\o hill ihicKno>'< of the bricks, plus the upper and lower joints. If 
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there ia any mortar over or under tlio bloclt, tho nailing will jar it 
loowt and the block fall out. The best HrrOingemeDt to secure nail- 
iagi is lo LuiU-io porous tcrra-cotta blocks or bricks. 

Baam Wliert ends o£ beams are built into the wall, they 

ends, should always be cut oC! to a slant, as Ehown la I'ig- 

Thu Aucliors sliould ba attached to the side, so aa to allow the beam 
lo fall out iu case it is burned tlu-ougb. If tlie beams were not cut to 
a slant, the Icvcrago produced by their weight, when burni'd ihrough, 
would be apt to tlirow the wall ; as it ia, each beam can foil out easily 
and tho wall, being corbcUcil over tho beam-opening, remains stand- 
ing. It is desirablo to " build-in " the ends of wooden beams as little 
U possible, to prevent dry-rot; if it ean be arranged to circulate air 
around their ends, it will Help preserve them. Dcams slioiild always 
be luvcllcd-up nitli good-^ized pieces of slate, and not with wood- 
chips, which ore liable to crush. Tlio old'fashioncd way of corbelling 
out to receive beams, leaving tho wall intact, has mucli to commend 
it A modern practico is to corlwl out one course of brick, at each 
ceiling-lcTcl, just sufficient to take the projection of furrinij-strips ; 
mis will stop draughts in easo of fire, also rats and mieo from ascend- 
ing. All slots for pipes, etc., should bu bricked up sohd aro'ind the 
pipes for about one foot at each ci.-iling-lcvcl for the same pur)HMes. 
Wooden Where wooden lintels arc used in walls, there 

lintali. shonld always bo a reiieving-arch over tliem, so ar- 
ranged that it would Eland, even if the lintel were burned out c re> 
moveii ; the lintel should have 
9 httic bearing as possible, 
and bo shaved off at tho ends. 
Figure 75 shows a wooden 
^ Uattl correctly built-in. Figure 
TO (Lows a very blundering 
way of bui!ding-in a wooden 
lintel, but one, nevcrtheloss, 
F'«' T'- frequently met with. It is ob- 

vious however, in tho latter case, that if the lintel were removed 
tho abutment to the arch would sink and let the arcU down. The 
relieving-arch, after it has set, should l« strong enough to carry llie 
wall, tho lintel being then used for nailing only. The rule for Un- 
Bonded leis is to make tlicir depth about onc-teotli of llie 

archas best, npaii. Arches are Ijuilt of "row-locks" (that is, 
" hcatlcrs,") or of " stretchers," or a combination of both, according 
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to design. ITie strongest arch, however, is one which has a com- 

hination of both headers and 

stretchers ; that is, one which - — *— _L 

is bonded on the face, and 

also bonded into the backin<;. 

Straight arches and arches built 

in circular walls should always 

be bonded into the backing, or 

if the design does not allow of 

this, they should be anchored F"*f- 76. 

back. " Straight " arches should be built with a slight " camber " up 

, , , towards the centre, to 
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allow for settlement 
and to satisfy the cye« 
About one-eighth inch 
rise at the centre for 
each foot of span is 
suiHcient. Straight 
Fig. 77. arches should never be 

built, as shown in Figure 77, and known as the French or Dutch 
arch, as there is absolutely no strength to them. Fireplaces are fre- 
quently arched over in this way, but the practice is a very bad one. 

Brick facings, as laid up in this 
country, usually consist of all stretch- 
erri. Kverv lifili or sixth course is 
bonded into the baekiiig, either by 
splitting the brick in two, as shown 

Brick ^^^ I'iiiure 78, and 

facings. ^^^.^^, ;jj^^j.^ headers 

behind it, or by breaking ofT the 
rear corners, as shown in Figure 70, and using diagonally-laid bond- 
brick. 

The latter course is the Letter, but there is no strength in cither; 
particularly as, as a rule, the front brick are so much softer and 
weaker than those in the hackin-j;. 

The Kn"li^ll bond, in which a course of headers alternates with a 
course of strctc-hcrs, is much to be prefcn-cil ; or, better yet, the 
Flc^li^h bonil, where in cacli course a header alternates with a 
stretcher. Of course, in both Kni:lh-h and rhnii>h bonil, if the front 
brick are thinner than the bricks used in the backing, larger and 
njore unsightly joints will be necessary in front. 
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Frg«. 78 and 79. 
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Rasular work ^^ ^^ ^^^' ^ ^ ^^^^' °^^ ^^ count on the front work 

the best, for strength. We frequently see masons laying up 
brick walls by first laying a single course of headers or stretchers on 
the outside of the wall, and then one on the inside, and then filling 
the balance of wall with bats and all kind of rubbish. This makes a 
very poor wall. The specification should provide that no bats or 
broken brick will be allowed, leaving it to the architect's discretion 
to stop their use, if it is being overdone; of course, some few will 
have to be used. But, after all, the best wall is that one which is 
built the most regularly and with the most frequent bonds, and no 
architect should be talked out of good, regular work, as being too 
theoretical^ by so-called " practical " men. The necessity for regular- 
ity and bond is easily illustrated by taking a lot of bricks of different 
sizes, or even toy blocks, and attempting to pile them up without 
regularity ; or, even if piled regularly, without bond. It will quickly 
be seen that the most regular and most frequently-bonded pile will 
^go the highest. By " bond " is meant alternating headers and stretch- 
ers with regularity, and so as to cover and break joints. 
Use of bond- ^^^ "^^ ®^ " bond-stones " at intervals only is bad ; 
stones, they should be carried through the whole surface 
(width and length) of wall and be of even tluckness, or else be omitted. 
Using bond-stones in one place only tends to concentrate the compres- 
sion on one part of the walL Thus, bond-stones built under each 

other at regular intervals, as 
shown in Figure 80, are bad. 
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, L - . -^ - I, _ j^g tjjQy gjy^j |^jj(» pressure no 

i ' ■ * ! chance to spread, but keep con- 

' I ^M .. ^ j ' zz'- centrating it back onto the part 

,' 'i of wall immediately under 

,i' 'i, bond-stones, whereas, in Fig- 

■ • '■■; * ■. I ' - — ure 81, the pressure is allowed 
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'i to spread gradually over a 



I zm. larger area of the wall. AVhere, 



pjg^ 30, however, a heavy girder, col- 

umn or other weight comes on 

a wall, it is distributed by means of a large block, generally granite 

or stone, or sometimes by a large iron ])late. 

The block or plate should have suflicient area not to crush the 

brick-work directly under it. Where girder-ends are built into 

walls, it is also desirable to build a block over the girder-end as well 

as under the same. The upper block prevents any part of the wall 
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from resting on the girder or being affected by its shrinkage, if of 
wood ; if the girder is of iron the upper block will wedge in the 

girder-end more 



L 






firmly, and the gird- 

.^.^ ■ er will be able to 

.fry r^w»^ ^ carry more load. 



■ ■■ "^1 



,r 'i. See page 67. 

i ' 'i ■* Anchors for 



i' 'i girders and beams 

i' 'i ^ are usually made of 

, 1 I , -. iron and of such 



i ' '\ shape as to allow 

the girder or beam 
^^'' ®^* to fall out in case 

of fire. Anchors made of iron are not objectionable in inner walls, 
-- ^1 or where not exposed to dampness ; all iron should 

anchors, be thoroughly painted, however, with red lead or me- 
tallic paint. Before painting, all rust should be scraped off. Don't 
believe the *^ practical " man who says the paint will stick better if you 
leave the rust on the iron ; it will stick better to the rust, no doubt, but 
not to the iron. For outside work all iron should be galvanized ; but it 
is better to use copper for anchors, dowels, clamps, etc. All copings 
should be clamped together, the clamps being counter-sunk. Slanting- 
work and tracery should be dowelled together. Where iron is let into 
stones, and run with lead or sulphur, the iron is apt to swell with 
rust or heat and burst tlie stone. Dampness in walls is one of the 
Drir>- worst dangers, both on account of frost and decay, 

moulds, j^w exterior mouldings and sills should be projected 
and have " drip-moulds " cut underneath, to cause the water to drop 
or drip ; this will prevent considerable dampness and keep the out- 
side surface of the wall from becoming dirty, as the dust lodging on top 
of mouldings discolors the rain-water, and the latter, instead of streak- 
ing down the wall, will drop off. 
Hollow Walls are frequently built hollow to prevent damp- 

walls, ness, but tliis raises many objections. Shall the inner 
or outer wall be the thicker ? If the outer wall, then all beams, etc., 
have to be tliat much longer, so as to rest on the stronger part ; they 
are liable to transfer dampness, and then, too, the thicker, and, con^ 
sequently, greater, part of wall is exposed to dampness. If the inner 
wall is thicker, the construction, so far as beams, etc., are concerned, 
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no doubt la better, but tlio oater port is apt lo be de?trt>yeil by the 
froat. Then at winiiows and iloorwaya both roust be connccWil. and 
dampnesB ia apt ro gut through. It is well lo ventilate the air-spaca 
between walls, at ilio bottom from inside and at the top from oulsido. 
The bottom of Bpaces should L>o drained. Tops of arclit^s, or Itntpls 
oTer openings, should be (.■emcnted and asphalted (in tlie air-apspe), 
lo shed any dampness sctlling on ihcm. 
Tlie outer and inner walla should be fre- 
quently anchored together. Iron anchors . 
galvanized, or poiippr anchors are bi 
they should have a half-twist, as shown, "■• "■ 

to prevent water running along thorn. 

Caro must be taken to keep hollow walls tree from han^ng mortar, 
which will communii^aie moisture from one wall to the other. 

But hollow walla arc not nearly so good as solid walls with porous 
terra-col til furring*. 

Where walla are coped with stone, there should bo damp^'ourses 
of slate or asphalt under same, and the back side should be llashed, 
to prevent dampness descending. If gutters are cut iu stone coi* 
nices, tliey should be lined with metal, preferably copper, the outer 
edge being let Into a raggle and run in with lead. 
Um)»rp1nninB< When a wall, already built, has to have Its founds- 
tions carried down lower, it is called " uaderpioning the wall." Holes 
are made through the wall at intervals and through those (at right 
angles (o the wall) arc placed the " needles," that is, heavy timbers, 
which carry the weight of Ihu wall. Where the needle comes in con- 
tact witli the wall, small cross-beams are laid on its upper side, and 
wedged and filled with mortar, to get a larger and more even bearing 
against the wall. At (he ionerand outer ends of tho needles heavy up- 
right timbers are placed underneath, running down to the now, lower 
lnvel. Tho foot or ground bearing of these timbers is formed by heavy 
planks crossing each other, to spread tlio weight over more ground ; 
wedges arc driven under the feet of the uprights, till tho cnda of the 
needle are forced up, and the centre of tlio needle shows a decided 
downward curve of delleglJon, indicating that the weight of wall ia on 
the needle. Frequently jack-screws are used in place of wedges, to get 
the weight onto the uprights. As soon as the needles carry the weight 
of wall, the intennedialo portions of wall are torn out and (he excavat- 
ing to the lower level begins. If the soil is loose, she.Uh-piling must be 
resorted to on each sido of wali. Frequently the feet of tho uprights 
are " cribbed," that is, she«th-pilcd all around, to hold the ground under 



Uiem bigQtheraniJ ki.-cp it from fi>tu['r«iBmv. Thti nenw^l u huill up 
fioBi tlic lowtT le»el belwoun anil anjulid t]ie nwiik'S. On lop of tlio 
auw wall Iwo layerB ai iln»<Nrd-Ktj>Dd arc {ilw»il filling up bctwaeo 
tlic old aoil noir trorlc Botwi-cn l.lic^C 8ton<^* Imn vr^xl^ea arc driven 
in opjiosite pairs, one £roai iho iiii<idii anJ ono from the oulsidL-. 
TUc» wuclgus must lie evenly driven from both »dcs or tlie wall 
miglit tip. Tlicte wedges arc ilriveu until thcwoiglit ot Uicwnli is on 
ibi'm and olT tbo nocdies. 

T)il4 i* rt^ailily seen, for tlic needlcj «traiglitcn out wtion ndivvcd of 
tUo load. The jack-scrowi ar« now lowered or tlw wedges undur Uie 
uprl^'lil^ CHSCil tip ; thu uprights taken away, needk-s roinorod, and tike 
holea dllud up. UnderpiDning operations must bo slowlf anil care- 
fally pertornioiJ, as lliey aro very risky. If tbcro ix any danger of a 
wall lipping ilurin; the operation, grooves are cut into the wall 
and "shores "or braces plnccd against it. Thefert of the shori'.s rest 
on erofs-planlu, same as uprights, and are wed^d up to get n setruro 
benring of lite top of the shore (^wnst the wiUI. Where the outside of 
a wall cannot be got at, "spring neeJles " nro used from the inside. 
That is, ihii one end of the needle aucs as a lever and supports the wall, 
while the other, inner end, is chained and anchored down to prevent 
Its tjpping up. 
stransth The strei^th of a wall depends, of course, lately 

of br(cKs> on the material used. A good, hard-bnmed brieit, 
well Iniii in i'i'mciil-inor(a,r. mukes a wry siron?; wall. To tell .1 gooii 
bric-k, first calamine the color ; if it is very light, an orange-red, the 
brick is apt to bo soft. It iho brick is easily carved with a knife, it 
is soft. If U can be (.Tushcii to powder easily, it is soft. ]f two 
bricks arc struck together sharply, and the sounil is dull, the bricks 
are poor; if the pound is clear, ringing, metallic, the bricks are good 
and hard. If a brick shows a neat fracture, it is a good Bi;,'n; a 
i-aggod fracture is generally a poor sign. The fracture also shows 
tlie ovcnncsa of the iiiiriiing ami fineness of the material. A brick 
that ehi])3 anil tannut lie cut easily is a gooti brick. The darker the 
brick, llie harder burneii. This, of course, does not hold good for 
artificially -colored bricks. The straighter and more regular the brick, 
the softer it is (as a rule), as hanl-burning is apt to warp a brick. 

Wliat lias been said of the strength of bricks holds gooil of terra- 
cotta. The latter should bo desijmHl to be of same tliickness, if pos- 
sible, in all parts, and any hollows caused thereby must be fillod-in 
aoli<l> It is best to fill-in the hollows with bricks and mortar several 
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flays in advance, and let the fiUini; set, so as to be sure it will not 
swell up afterwards and burst the terra-cotta. 
Strength '^'^ j^^^o^ of the strength and durability of stones 

of stones, y a more diflicult matter. If the stone be frac-tured, 
and presents, under a magnifying glass, a bright, clear, sharp surface, 
it is not likely to crumble from decay ; if the surface is dull-appear- 
ing and looks earthy, it is likely to decay. Of course, samples can be 
tested for their crushing and tensile strengths, etc. And we can tell 
somewhat of the weathering qualities by observing similar stones in 
old building? : much, however, de[)ends whether the stones come from 
the same part of the quarry. Another test is to weigh different sam- 
ples, when dry ; immerse them in water for a given periwl, say, twenty- 
four hours, then weigh them again, and the sjimplo absorbing the 
least amount of water (in proi)ortion to its original weight) is, of 
course, the best stone. 

Another test is to soak the stone in water for two or three davs 
antl put it out to freeze ; if it does not chip or criwk, it will probably 
weather well. Chemical tests are made sometimes, such as using sul- 
phuric acid, to detect the presence of lime ami magnesia ; or, soak- 
ing the stones in a concentrated boiling solution of sulphate of soda ; 
the stones are then exposed to the air, when the solution crystalizes 
in the pores and chips off j)arLicles of the stone, acting similarly to 
frost. The stones arc weighed before and after the tests, the one 
showing the least proportional loss of weight tx,*ing, of course, the 
better. 

If stones are laid on their natural beds, however, little need be 
feared of the result, if the stone seems at all serviceable. The main 
dangers to walls are from wet and frost. Very heavy and oft-repeated 
vibrations may sometimes shake the mortar-joints, but this need not 
be seriously feared, in most cases ; machinery may often cause sulli- 
cient vibrations to be unpleasant, or even to endanger wood or iron 
work, but hardly well-built masonry. Of course, the liigher a buiUl- 
ing is, the greater will be the amount of vibrations and their strength. 
For this reason it is advisable to place the heaviest machinery on the 
lowest (ground) iloor. The beds of such machinery should be as far 
Machinery ^^ j)ossible from any foundations of walls, columns, 

foundations, etc., and the beds should be independent and isolated 
from all other masonry. ^Malo, in Le Genie Civily recommends the 
use of asphalt for UKvliinery-foundations, as they take up the vibra- 
tions and noise, and are as solid as masonry, if properly built. Hi? 
cLiim seems well founded, and has been demonsti'ated practically ; 
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tlia Mphnlt founilEUinn not only preventing vibrations hiic sloppli^ 
the miunil. A nroudun {orm it auula, coveruil inside nitli wcll-greued 
pkpcr; iuui tliis iirii piateil ali'^Lly-conical lUiiped wuoUen bun ani] 
boxun, also I'OvereJ with woU-jrcased paper, which are BwunMi in tlie 
placui to be occtipleJ by th« holts ami bolt-heads, acU airaau'CHl for cnay 
wliLiJraiTal. AlaycrofmulteJuaphaliafFw inches thick In then poured 
Into the mouU ; over this are duinped heatcil, \^e(vcllr clean, tharp, 
hroken stones and pobbles, ntninwd solid, the iiobblcs filling all inltsr- 
alicei ; tlivn more asphalt is poiirud in, then aootltcr layer of atones anil 
pebblcE, etc It is ulaimcd that this fouadation becomes so solid that 
it will not yivlil enough to disarrange the smooth running of any iii» 
chiuery, while its slightly-clastic mortar, besides avoidins Tibrationa 
and noise, prolongs very much tbo durabiUty and usefulness of the 
machinery. Two dan^rs must l>e guarded against; viz., the direct 
cantapt of oil or beat with the asphalt. Stationary drip-pans guard 
i^inst llic former, while a layer of rubber, wood, cement, or other 
non-conductjrc material woultl accomplish the latter object. ^Viier« 
noise from maoliinory is to be avoided, a layer about one inch thick, 
of hard rubber or soft wood, »hould bo placed inimaliafcly under tbo 
«ngine-platc. If this layer were bedded in asphalt the prceautba 
would Im still more effuciivo. 

Quality o( ^^ "" '^""^ *here asphalt is luod, tliat irith tbs 

asptialta. [fasi prO[")rlion of bitumen should bo preferred. 
Se)"B«oll a'phall. which comes from France, is undoubtedly the 
best, and next to this comes the Swiss or Ncuch&tel asphalt. 

Trinidail asphalt, wluch is much used in this country, is much in- 
ferior, being softer and containing a larger proportion of bitumen or 
tar — a great disadvantage in many cases. 

OnanlnE* «»»r 1" "1' "i^"* "T "> g"^' »•' openings immediately 
each ottiar. over each other. A rule of every architect should he 
to make an elevation of everi/ interior wall, as well as of the exterior 
walls, to sec that openings come over each other. 

Towar I' >^ foolish to make chimneys or tower-walls un- 

walls. necessarily thick (and heavy), as they brace and tie 
themselves together at each corner, and, consequently, are tnnch 
stronger than ordinary walls. Tower-walls, however, often re<^uire 
tluckening all the way down, to allow for deep splays and jambs at 
the belfry openings. The chief danger in towers is at the piers on 
main floor, which are frequently whittled down to dangerous propoiv 
tions, to make largo door openings. In tall towers and chimneys th« 
leverage from wind must be carefully considered. 
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Considering the importance of ascertaining the exact strcngtli of 
walls, it is remarkable tiiat so little attention has been paid to the 
subjecft by writers and experimenters. The only known rule to the 
writer is Rondelet's graphical rule, which is as follows : 
Rondelet's ^^ -^ ^ (Figure 83) be the height of a wall, B C 

rule, the length of wall without buttress or cross-wall (ABC 
being a right angle), then draw A C ; make A D = to either ^ or ^''^^ 
or f^ of A B, according to the j^ 
nature of wall and building it is 
intended for (j^ for dwellings, -^ 
for churches and fireproof build- 
ings, and I for warehouses) ; then 
make A E = A D, and draw E F 
parallel to A B ; then is B F the 
required thickness of wall. The 
rule, however, in many cases, gives B r 
an absurd result. Gwilt*s ^'En- '* 

cyclopmdia of Architecture" gives this rule, and many additional 
rules, for its modification. There are so many of them, and they are 
80 complex, however, as to be utterly useless in practice. Most 
cities have the thickness of walls regulated by law, but, as a rule, 
these thicknesses give the minimum strength that will do, and where 
they do not regulate the amount and size of flues and openings, fre- 
quently allow dangerously-weak spots in the wall. 
Formula The writer prefers to use a formula, which he has 

for masonry, constructed and based on Ilankine's formula for long 
pillars, see Formula (3), and which allows for every condition of height, 
load, and sha[)e and (piality of masonry, in the case of piers, columns, 
towers or chimneys, whether s(iuare, round, rectangular, solid or hol- 
low, the Formula (3) can be used, just as there given, inserting for p* 
its value, as given in the last column of Table I, using, of course, the 
numbered section corresponding to the cross-section of the pier, col- 
umn or tower. By taking cross-sections at different points of the 
height, and using for / the height in inches from Ciich such cross- 
section to the top, we will readily find how much to offset the wall. 
Care must be taken, where there are openings, to be sure to get the 
piers heavy enough to carry the additional load ; the extra allowance 
for piers should be gotten by calculating the pier first as an isolated 
pier of the height of opening, and then by taking one of our cross- 
sections of the whole tower or chimney at the level where the open- 
ings are, and using whichever result recjuired the greater strength. 
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As it would be awkward to use the height / in 
pier8,chimneysinchc9, wc can modify the formula to use the height 

and towers. ^^ in feel. Furtlier, we know the value of n for brick- 
work, from Table IF, and can insert this, too; we should then havo : 

For hrick or rubble piers f chimneys and totoerSf of whatever shape : 



'■{7) 



^y= ' "j^as (60) 



l+0,4r5.(-r; 

Where w =. the safe total load on pier, chimney or tower in pounds. 
Where a = the area of cross-section of pier, etc., in square inches, 
at any point of height. 

Where L = the height, in feet, from said point to top of masonry. 

Where (^j=z the safe resistance to crushing, per square inch, 

as given in Table V. (See page 135.) 

"NMiere q^ = the s(juare of the radius of gyration, of the cross-sec- 
tion, in inches, as given in Table I. 

If it is preferred to use feet and tons (2000 lbs. each) we should 
have 

14 + 0,040. ({^) 

"Where W = the safe total load on masonry, in tons, of 2000 lbs 
each. 

Where A = the area of cross-section of masonry, at any point of 
heiirht, in F([uare feet. 

Where L = th(! liciL^ht, in feet, from said point to top. 

AVhere ( - . ) =thc safe resistance to crushing, in lbs., per square 

inch, as ^iven in Tal)le V. (See page 135,) 

AVlierc V'=: the 8(iiiarc of the radius of gyration, as given in last 
cohiinn of Taljle 1, — hut all dtmenaions to he taken in feet. 

To ol>tain the load on masonry, inchide wei'jrht of all masonrv, 
floors, roofs, etc., above the point and (if wind is not figured sepa- 
rati'ly) add for wind 15 lbs. for each square foot of outside superfi- 
cial area of (7.7 walls above the point. 

AVherc towers, chimneys, or walls, etc., are isolated, that is not 
braced, and liable to be blown over by wind, the wind-pressure, must 
be looked into separately, 
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In regard to the use o( (-^j the safe resistance, per square inch, 

of the material to crusliing, it should be taken from Table Y. So 
that for rubblc-work we should use : 



(-/)= 



100 



And the same for poor quality brick, laid in lime mortar. 

For fair brick in lime and cement (mixed) mortar, we should use^: 



(4.) = 150 



7 

And for the bust brickwork in cement mortar, we should use : 

If, however, a wall (or pier) is over 3 feet thick, and laid in good 
cement mortar, with the best hard-burned brick, and there are not 
many flues, etc., in the wall, we can safely use : 

If the wall (or pier) is over 3 fceU thick, and there are no flues or 
openings, and the best brick and foreign Portland cements are used, 
it would l)e perfectly safe to use : 

(-£,) = 300. 

Example, f 

A tower IQ/eet square outsidey carries a steeple weighr*^ 
ing, including wind-pressure ^ some 15 tons. The helfry'to 
openings^ on each side, are central and virtually equal to 
openings Bfeet wide bg IS feet high each. There are 8 

J What should be the thickness 
of belfry piers f The mason- 
ry is ordinary rubble-work, •^ 

Tower„ In the first ob 

I)lace we will T 





Wail8« 



Fig. 84 



try Formula (60) giving [ 
strength of whole tower at | 
base of belfry piers. The_i 
load will Ikj: 4.(26.16 — 
18.8 — 2a.l§) == 892 superfi- 
cial foct of masonry 20" thick 




Fig. 85. 



and weighing 250 lbs. per suporficial foot = 223000 lbs. (see Figurei 
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84 and 85) : add to this spire and we have at foot of belfry piers : 
Actual load = 253000 lbs. or =r 126 tons. 

Now P* (the square of the radius of gyration) would be P^ := -£- • 

the area A = 16«— (12J« + 4.8.1f) =43 ; the moment of inertia / 
-s^lj. (iG< — 12J<— 8i.8«— 8.1G«-|-8.12|«) =1799. 

Therefore P«=^ = 41,8. No^ for rubble -work, Table V, 

^ ^ J = 100 ; and, from Formula (60), the safe load would be : 

rt,^ 43. 100 _ 4300 

"^ ^ ^=i^-l-nn^« 26.26 14,77 

•^ .^ 14 + 0,046.-— 

'^ ^ as 291 tons ; or more than strong enough. 

^§ T^^ Pl%n at ^^^ ^®^ '^ examine the 

i opening, strength of each pier by 



A 



L— l>.4a^.^ i'self* Figure 86. In the first phw^ we 

Flff. tfl, must find the distance y of the neutral axis 

M-N from say the line A B. This from 
T^e I» Section No. 20 is : 

—5 ^- 20.28. ( 20 + -s- ) 

y = -* 1 r--^^ I_Ll = 18,"8 ; or, say, y=19". 

^ 48.20 + 20.28 ^ * » jf:f 

Nowt = ^^'^^* + 2«>l» + 48.19«^ ,,,3,, (^ j^^^j ^^ 

a ^ 20.48 + -^•-8 = 1520 stpare inches, therefore q*= JL = 1 79 

(in inches). 

Tho lon;^th of each pier is 18 feet, or 
L=lt<. 

Thon'f«.nx\ from Fonuula (59) we have the safe load : 

or say tho safo load on each pier would be 41 tons. 

Tho tk'tual load wo know is -+-= $1^ tons, or the pier is more 

4 

than »afe. 

Thlolin«Mi Now Wt us s<t* how far down it would be safe to 

of wallSi carry the SO" walls. We use formula (60) and hare 
fr\>m Soctivm NuuiKt 4» v>f TaKo 1 : 



1 « 
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The area would be 

A=:16« — 12|« = 96 square feet. 
The load for each additional foot under belfry would be then : 

96.150 = 14400 lbs., or 7,2 tons. 
The whole load from top down for each additional foot would be, 
in tons: 

W, = 126 + (L — 26).7,2 = 7,2.L — 61 
While the safe load from Formula (60) would be : 

rjfT 96.100 

ly -Y 

14 + 0,046.^ 

Now trying this for a point 50 feet below spire, we should haTe 
the actual load : 

W, = 7,2.50 — 61 = 299 tons. 
and the safe load : 

W= ?H25L^ = 554 to»i8, or, we can go still 

14+0,046.^ 
' ' 34| 

lower with the 20'' work. For 70 feet below spire, we should hare 

actual load: 

W,= 7,2.70 — 61=443 to 

while the safe load : 

17= ^^--^^^ = 468 tons, or, 70 feet would be 

14 X 0»<>46.i|^ 

about the limit of the 20" work. 
If we now thicken the walls to 24", we should hare 

A =112 square feet. 

P« from Section 4, Table I, = 33 J (in feet). 
The weight per foot would bo 112.150 = 16800 lbs. (or 8,4 tons) 
additional for every foot in height of 24" work. 
Therefore the actual load would be, 

443 + (Z— 70).8,4 or 

W,=Z.8,4— 145. 
Now, for Z = 80 feet, we should have the actual load : 

W, = 527 tons, while the safe load would be : 

W= IHil^^ = 491 tons. 

14 + 0,046.^ 

This, though a little less than the actual load, might be passed. 
Rubble stone work, however, should not bo built to such height, good 
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brickwork in cement would be better, as it can be built lighter ; for 
( -^ J = 200, would give larger results, and brickwork weighs less, 

besides ; then, too, we have the additional advantage of saving con- 
siderable weight on the foundations. 

Thickening the walls of a tower or chimney on the inside does 
not strengthen them nearly so much as the same material applied to 
the outside would, cither by offsetting the wall outside, or by build- 
ing piers and buttresses. 

It is mainly for this reason, and also to keep the flue uniform, that 

chimneys have their outside dimensions increased towards the 

bottom. 

Example. 

Calculation of A circular brick chimney is to be built 150 feet high, 
chimneys. ^;^g ^^^^ entering about 6 feet from the base; the horse- 
power of boilers is 1980 IIP. What size should the chimney bef 
The formula for size of flue is : 

^^ 0,3.//P+10 ,gj. 

VL 
Where A = the area of flue, in square feet. 
Where L = the length of vertical flue in feet. 
Where HP = the total horse-power of boilers. 
8lM of flue. A circular flue will always give a better draught 
than any other form, and the nearer the flue is to the circle the bet- 
ter will its shape be. 

In our case the flue is circular, so that we will have 

^ = y . R^ (see Table I, Sec. No. 7) or 

\l 22 
Inserting the value of A from formula (61) we have: 

or the radius of flue will be 4 feet (diameter 8 feet). 

Now making the walls at top of chimney 8" thick and adopting 
the rule of an outside batter of about y to the foot, or say 4" every 15 
feet, wo get a section as shown in Figure 87. 

Let us examine the strength of the chimney at the five levels 
A, H,C, Dand K. 

The tliickni'ss of the base of each jiart is marked on the right-hand 
section, and the average thickness of the section of the part on the 
left-hand side. 



Talce the part above A t 
the average area is i^-H* 
— flue area) or, 78 — 50 = 
28 square fcEt. 

Tliia multiplba bj the 
hdght of the part end the 
weight of one cubic foot 
of brickwork (112 lbs.) 
gives iho ivolijlit of the 
whole, or actual load. 



W,= 



0.112 = 



040801bii., or47 tons. 

The area of the base at 
A would bo : 



=(?■»!■ 



39 square feet. 
The height of the part 



The square of the ra- 
dius of gyration, in feet, 



"MI^" 



\'$U. 



=11,11 

Inserting these values 
in Formula (GO) the safe 
load at A nould bo : 

39.200 



W—- 



14 + 0,046. ? 



3 ^"-^^ 
^11,11 
^ 440 tons, or about nine 
times the actual load. 
Now, in examining the 

ber to taice the nliolc load 
of brickwork to the top 
as well as whole length 
L to top (or CO fuel). 
Tlie load onBwu find ia: 
W,=7l3l tons, while 
the safe load is ; 



ae^cl 



Ij 

!| 



H 
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14 + 0,046.52^ 

Similarly, we ihould find on C the load : 

W,= 259 tons, while the safe load if! 

W= »9-^0Q = 461 ton* 

14 + 0.046.gg 

On D we should find the load : 

W,=432 tons, while the safe load is : 

ir= "^-^^^O =448 tOM. 

1.1 _l_n A. f ^20-120 

Below D the wall is considerably over three feet thick, and is solid, 
therefore we can use (-^j = 300, provided good Portland cement 

is used and best brick, which should, of course, be the case at the 
base of such a high chimney. We should have then the load on E : 
W,= 657 tons, while the safe load is : 

14 + 0,046 ^^ 

The chimney is, therefore, more than amply safe at all points, the 
bottom being left too strong to provide for the entrance of Hue, 
which will, of course, weaken it considerably. We might thin the 
upper parts, but the bricks saved would not amount to very much 
and the offsets would make very ugly spots, and be bad places for 
water to lodge. If the chimney had been square it would have been 
much stronger, though it would have taken considerably more mate- 
rial to build it. 

It is generally best to build the flue of a chinmey plumb from top 
to bottom, and, of course, of same area throughout. Sometimes tlie 
flue is gradually enlarged towards the top for some five to ten feet 
in height, which is not objectionable, and the writer has obtained 
good results thereby ; some writers, though, claim the flue should 
Tods of Chim- ^® diminished at the top, which, however, the writer 

ney Flues. has never cared to try. Galvanized iron bands 
should be placed around the chimney at intervals, particularly around 
the top part, which is exposed very much to the disintegrating effects 
of the weather and the acids contained in the smoke. No smoko flue 
should ever be pargetted (plastered) inside, as the acids in the smoke 
will eat np the lime, crack the -plaster, and cause it to fall. The 
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crevices will fill with soot and be liable to catch fire. The mortar- 
joints of flues should be of cement, or, better yet, of fire-clay, and 
should be carefully struck, to avoid being eaten out by the acids. 
Calculation of Where walls are long, without buttresses or cross- 
Wall8.-Bul8in8* walls, such as gable-walls, side-walls of building^ 
etc., we can take a slice of the wall, one running foot in length, and 
consider it as forced to yield (bulge) inwardly or outwardly, so that 
for p^ we should use : 

8 = — ; where' d the thickness of wall in inches. The 
^ 12 * 

area or a would then be, in square inches, a = 1 2,d, 
Inserting these values in formula (59) we have for 

BRICK OR STONE WALLS. 



10 = 



'■(f) 



0,0833 + 0,475.^ 



^^ T . (62) 



Where w = the safe load, in lbs., on each running foot of wall 
(c/" thick). 

Where d = the thickness, in inches, of the wall at any point of its 
height. 

Where L= the height, in feet, from said point to top of wall. 

Where [ -^ j = the safe resistance to crushing, in lbs., per square 

inch, as given in Table V. (See page 135.) 

If it is preferred to use tons and feet, we insert in formula (CO) : 
for A = D, where D the thickness of wall, in feet, and we have : 

P* = Yn 1 therefore 

W = lil£_ (63) 

14 + 0,552.^ 

Where W= the safe load, in tons, of 2000 lbs., on each running 
foot of wall (D feet tliick). 
Where D = the thickness of wall, in feet, at any point of its height. 
Where L = the height, in feet, from said point to the top of walL 

Where f A ) = the safe resistance to crushing of the material, 

in lbs., per square inch, as found in Table Y. (See page 135.) 
Anchored Walls. Where a wall is thoroughly anchored to each tier 
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of floor beams, so that it cannot possibly bulge, except between floor- 
beams, use the height of story (that is, height between anchored 
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Fig. 88. Fig. 89. Fig. 90. 

beams in feet) in place of L and calculate c/ or D for the bottom of 
wall at each story. 

The load on a wall consists of the wall itself, from the point at 
which the thickness is being calculated to the top, plus the weight of 
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one foot in width by half the span of all the floors, roofs, partitions, 
etc. Where there are openings in a wall, add to pier the proportion- 
ate weight which would come over opening ; that is, if we find the 
load per running foot on a wall to be 20000 lbs., and the wall con- 
sists of four-foot piers and tlircc-foot openings alternating, the piers 
will, of course^ carry not only 20000 lbs. per running foot, but the 
60000 lbs. coming over each opening additional, and as there are 
four feet of pier we must add to each foot ii^J^ii^ = 15000 lbs. ; we 
therefore calculate the pier part of wall to carry 35000 lbs. per run- 
ning foot. The actual load on the wall must not exceed the safe 
load as found by the formula (62) or (G3). 

Example, 
Wall of Country A ttco'Stoj'f/'aTid-attic dwelling has brick walls 12 
**"**• inches thick ; the walls carry two tiers of beams of 
20 feet span; is the wall strong enough t The brickwork is good and 
laid in cement mortar. 

We will calculate the thickness required at first story beam level, 
Figure 88. 
The load is, pei running foot of wall : 

Wall = 22.1 12 = 24G4 lbs. 

Wind =22. 15= 330 lbs. 

Second floor =10.90= 900 lbs. 

Attic floor =10. 70 = 700 lbs. 

Slate roof (incl. wind and snow) = 10. 50 = 500 lbs. 
Total loail = 4«94 lbs. 

For the quality of brick described we should take from Table V : 

200 lbs. 



(t)= 



J 

The height between floors is 10 feet, or 
L=10, 
therefore, using formula (G2) we have : 



<t) 



„= f' = ^^-^PO ^ =5807 lbs. 

0,0833 + 0,-170. y 0,0833 + 0,475. i|g 

So that the wall is amply strong. If the wall were pierced to the 
extent of one-quarter with openings, the weight per running foot 
would be increased to G525 lbs. Over 700 lbs. more than the safe 
load, still the wall, even then, wouM be safe enough, as we have 
allowed some 330 lbs. for wind, which would rarely, if ever, be so 
strong; and further, some 1200 lbs. for loads on iloors, also a very 
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ample allowance; and even if the two ever did exist together it 
would only run the compression T -£r ) up to 225 lbs. per inch, and 

for a temporary stress this can be safely allowed. 

The writer would state here, that the only fault he finds with for- 
mulas (59), (60), (62) and (63), is that their results are apt to give 
an excess of strength ; still it is better to be in fault on the safe side 
and be sure. • 

Example. ^ 

Walls of city ^* brick walU of a warehouse are 115 feet high^ 

Warehouse, the 8 stories are each 14 feet high from floor to floor ^ 
or 12 feet in the clear. The load on floors per square foot, including 
the fire-proof construction, will average 800 lbs. What size should the 
walls he t The span of beams is 26 feet on an average, (See Fig. 89, 
page 142.) 

According to the New York Building Law, the required thicknesses 
would be: first story, 82"; second, third, and fourth stories, 28"; 
fifth and sixth stories, 24" ; seventh and eighth stories, 20". 

At the seventh story level we have a load, as follows, for each run- 
ning foot of wall : 

Wall =80.1|.112 = 5600 

Wind = 80.30= 900 

Roof r= 13.120 =r 1560 

Eighth floor = 13.300 ^ 8900 

Total = 11960 lbs., or 6 tons. 

The safe load on a 20" wall 12 feet high, from formula (68) is : 
w— IpOO 333 „o,, * 

"" ,. . o.^o 12.12= 144-0,552.51,84= ^'^^^ *^^^ ^ 

15622 lbs. 

If one-quarter of the wall were used up for openings, slots, flues, 
etc., the load on the balance would be 8 tons per running foot, which 
IS still safe, according to our formula. 
At the fifth-story level the load would be : 

Load above seventh floor = 11960 

Wall =28.2.112= 6272 

Wind =28.80 = 840 

Sixth and seventh floors = 2.18.800 = 7800 

Total = 26872 lbs. or ISi 

tons. 
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The safe load on a 24'' wall, 12 feet high, from formula (68) is : 

W= ?:^22.^^,^^^^, = 11,809 tons, 

U + 0,552.1^ 14 + 0,662.86 

or 23618 lbs. 

This is about 10 per cent less than the load, and can be passed as 
safe, but if there were many flues, openings, etc., in wall, it should be 
thickened. 
At the second-story level the load would be : 

Load above fifth fioor = 26872 

Wall = 42. 2J.112 = 10976 

Wind =42. 80 = 1260 

Third, fourth and fifth floors = 8.18.800 = 11700 

Total =50808, or 

25 tons. 

The safe-load on a 28" wall, 12 feet high, from formula (68) is : 

W= ?i:?52__ = ,,^/"o... = 1M3 ton.. 

1,1 I AitKol2.12 14 + 0,652.26,45 
" + 0,552.^p^ 

or 82660 lbs. 

Or, the wall would be dangerously weak at the second-floor leveL 
At the first-floor level the load would be : 

Load above second floor = 50808 

Wall = 14. 2f 112 = 4181 

Wind =14.30 = 420 

Second floor = 13.800 = 8900 

Total = 59309, or 29J tons. 

The safe-load on a 32" wall, 12 feet high, from formula (63) is : 

W= ^^-^^^^.^ rzz ,, , ^^Aln^n. = 21>lg9 tons, 

14 + 0,552.12^2 14 + 0,552.20,25 

^ * 2§.2§ or 42338 lbs. 

Thc^ wall would, therefore, be weak at this point, too. 

Now while the conditions we have assumed, an eight-story ware- 
house with all floors heavily loaded, would be very unusual, it answers 
to show how impossible it is to cover every case by a law, not based 
on the conditions of load, etc. In reality the arrangements of walls, 
as required by the law, are foolish. Unnecessary weight is piled on 
top of the wall by making the top 20" thick, which wall has nothing 
to do but to carry the roof. (If the span of beams were increased 
to 81 feet or more the law compels this top wall to be 24" thick, if 41 
feet, it would have to be 28" thick, an evident waste of material.) It 
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todIcI be much better to make the top walla lighter, and add to iLe 
bottom; in this case, the writer would suggest that the eighth story 
be 12" ; tho seventh sLory IC" ; the sisth story, 20" ; the fiflh story, 
24"; the fourth story, 28"; the third story, 32"; the second story, 
36", and the first story 40", bco Figure 90. {Pago 142.) 

This would represent hul 4 J cubic feet of additional brlekwork for 
every running foot of wall; or, if wc make (he first-story wall 3C" 
too, as hereafter suggested, the amount of material would bo exactly 
the same as required by (ho taw, and yet the wall would bo much 
better proportioned and stronger as a whole. For we should find. 
(for L = 12 feet), 

eighth-floor level, 3832 > 

a 12" wall from Formula (62) 
,t seventh-floor level, 
n a IG" wall from Formula (62) 
it sixth-floor level, 
a 20" wall from Formula (62) 
it fif til-floor level, 
a a 24" wall from Formula (62) 
It fourth-floor level, 

IS" wall from Formuk (62) 



Actual load al 
Safe loa<l oi 
Actual load a 
Safe load o: 
Actual loa<^ 
Safe load o 
Actual load a 
Safo load o 
Actual load a 
Safe load on a 



Actual load at third-floor level. 
Safe load on a 32" wall from Formula (62) 
Act"al load at second-floor level, 
Safe load on a 30" wall from Formula (02) 
Actual load at first-floor level. 
Safe load on a 40" wall from Formula (62) 
The first-story wall could 

safely be made SO" if the 

brickwork is good, and ibere 

are not many flues, cU'., in 

walls, for then wc could u^e 



4298 ( 
10243 > 

9135 f 
171 76) 
15729 f 
24632) 
23750 J 
32611 > 
82825 i 
41112) 
42638 ( 
50136 ( 
52902 [ 



6S492 ( 



(7) = 



250, 






i safe load 
wall = 65127 lbs, 
llian enough. 

The above table shun'.^ how 
very closely the Fonnid.i (02) 
would agree with a ]ir:Kti'.al 

ment of exactly tlic : 




rial, as required by the law. 
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Thrust of Now, if the upper floor were laden with barrels* 

barrels, there might be some danger of these thrusting out the 
wall. We will suppose an extreme case, four layers of flour barrels 
packed against the wall, leaving a 5-foot aisle in the centre. We 
should have 20 barrels in each row (Fig. 91), weighing in all 20.196 = 
8920 lbs. These could not well be placed closer than 3 feet from 
end to end, or, say, 1307 lbs., per running foot of wall ; of this amount 
only one-half will thrust against wall, or, say, G50 pounds. The ra- 
dius of the barrel is about 20". If Figure 92 represents three of 

the barrels, and we make A B = 
tr, = J the load of the flour barrels, 
per running foot of walls, it is evi- 
dent tliat D B will represent the 
horizontal thrust on wall, per run- 
ning foot. As D B is the radius, and 
as we know that A D = 2 D B or = 
p. g2 ^ radii, we can easily find A B, for t 

A D« — D B3 = A B2 or 4. D B2 — D B2 = «;,« or 

DB«==^r DB ==-%== J£i_=;:0,578.tr.C 5 

3 y/3 1,73 

Or, h = 0,578. to, (64) 

Where h = the horizontal thrust, in lbs., 
against each running foot of wall, w^ = one- 
half the total load, in lbs., of barrels coming 
on one foot of floor in width, and half the 
span. In our case we should have : 
A = 0,578.650 = 375 lbs. 

Now, to find the height at wliich this 
thrust would be applied, we see, from Fig- 
ure 91, that at point 1 the thrust would be 
from one line of barrels ; at point 2, from 
two lines ; at point 3, from three lines, 
etc. ; therefore, the average thrust will be 
at the centre of gravity of the triangle 

ABC, this we know would be at one-third ?_ _ 

the height A B from its base A C. ^^^ ^^^^^^^ T/acwj/ 

Now B C is equal to Gr or six radii of S— i222-2^A?» 
the barrels ; further, A C = 3r, therefore : Fig.93. 

A B« = 36.r2 — 9ra= 25.rS and A B = 5r; therefore, — = \\r. 
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To this must be added the radius A D (below A) so that the central 
point of thrust, O in this case, would be above the beam a distance 
y = 2§.r. 
Where y = the height, in inches, above floor at which the average 
thrust takes place. AVhere r = radius of barrels in inches. 
Our radius is 10", therefore : 

;/ = 2GJ" 
Now, in Figure 03 let A B C D be the 12" wall, A the floor level, 
G M the central axis of wall, and A O = 26| ; draw O G horizon- 
tally ; make G II at any scale ef^ual to the permanent load on A D, 
which, in this case, would be the former load less the wind and snow 
allowances on wall and roof, or 

3832 — (16.30 + 13.30) = 2962, or, say 3000 lbs. 
Therefore, make G 11 = 3000 lbs., at any scale ; draw H I = A^ 
375 lbs., at same scale, and draw and prolong G 1 till it intersects 
* B A at K. The pressure at K will be /) = G 1 = 8028. 
W6*ted the distance M K measures 

MK = x = 8i". 
Therefore, from formula (44) the stress at D will be : 

3023 , p 3k3023 i r« lu / • \ 

t; = (- C.-L — = + 56 lbs. (or compression) 

J144 JL««»JL4*x 

While at A the stress would be, from formula (45) : 

3023 ^ 31.3023 , , lu / * • \ *i * 

V = 6.-i = — 14 lbs. (or tension), so that 

144 12.144 

the wall would be safe. 

The writer has given this example so fully because, in a recent 

case, where an old buiUling fell in New York, it was A B 

claimed that the walls had been thrust outwardly by 

flour barrels j)iled against them. 

Narrow Piers. Where piers between openings are 

narrower than they are thick, calculate them, as for 

isolated piers, using for d (in place of thickness of 

wall) the width of pier between openings; and inP — S- 

place of L the height of opening. The load on the 

pier will consist, besides its own weight, of all walls, 

girders, floors, etc., coming on the wall above, from 

centre to centre of openings. 

Wind-pressure. To calculate wind-pressure, assume k{).l-4| 

it to be normal to the wall, then if A B C D, Figure dWc 'k 

94, ht the section of the whole wall above ground Fig. 94. 

(there being no beams or braces against wall). 
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Make OD = J. AD = — -; draw G II, the vertical neutral axis 

id 

of the whole mass of wall, make G H, at any convenient scale, equal 
to the whole weight of wall ; draw H I horizontally equal to the total 
amount of wind-pressure. 

This wind-pressure on vertical surfaces is usually assumed as being 
equal to 30 lbs. per square foot of the surface, provided the surface 
is flat and normal, that is, at right angles to the wind. If the wind 
strikes the surface at an angle of 45° the pressure can be assumed 
at 15 lbs. per foot. 

It will readily be seen, therefore, that the greatest danger from 
wind, to rectangular, or square towers, or chimneys, is when the 
wind strikes at right angles to the widest side, and not at right 
angles to the diagonal. In the latter case the exposed surface is 
larger, but the pressure is much smaller, and then, too, the resistance 
of such a structure diagonally is much greater than directly across 
its smaller side. 

In circular structures multiply the average outside diameter hy 
the height, to obtiin the area, and assume the pressure at 15 lbs. per 
square foot. In the examples already given we have used 15 lbs., 
where the building was low, or where the allowance was made on all 
sides at once. Where the wall was high and supposed to be normal 
to wind we used 30 lbs. Referring again to Figure 94, continue by 
drawing G I, and prolonging it till it intersects D C, or its prolonga- 
tion at K. Use formulae (44) and (45) to calculate the actual pres- 
sure on the wall at D C, remembering that, x = M K ; where M 
the centre of D C, also that, 

/> = G I; measured at same scale as G II. 

Remember to use and measure everything uniformly, that is, all 
feet and tons, or else all inches and pounds. The wind-pressure on 
an isolated cliimncy or tower is calculated similarly, except that the 
neutral axis is central between the walls, instead of being on the 
wall itself ; the following example will fully illustrate this. 

Kxample, 

^ Is the chlmnef/, Figure 87, safe against wind- 

on Oh\mney» pressure? 

We need examine the joints A and E only, for if these are safe 
the intermediate ones certainly will be safe too, where the thickening 
of walls is so symmetrical as it is here. 

The load on A we know is 47 tons, while that on E is G57 tons. 
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Now the wind-pressure down to A is : 

P^ = 10.30.15 = 4500 lbs., or = 2 J tons. 

On base joint E, tlie wind-pressure is : 

P = 12f.l50.15 = 28500 lbs., or = U\ tons. 

We can readily see that the wind can have no appreciable effect, 
but continue for the sake of illustration. Draw P^ horizontally at 
half the height of top part A till it intersects the central axis G, ; 
make G, 11, at any convenient scale = 47 tons, the load of the top 
part ; draw H, I, horizontally, and (at same scale) = 2^^ tons = the 
wind-pressure on top part; draw G I,| then will this represent the 
total pressure (from load and wind) at K, on joint A A,. 

\W^ Formula (44) to get the stress at A, where a: = K, M, = 9", 
or J feet; and /? = G, I„ which we find scales but little over 47 
tons ; and Formula (45) for stress at A. For d the width of joint 
we have of course the diameter of base, or lOJ feet. Therefore 

Stress at A. = — + G. g^-jlj = + 1»71 ^^^ P^r s^iuare 

foot, or -J--1 =z=4-24 lbs. (compression), per square inch, and 

144 

47 47 4 

stress at A = ~r — 6. ■ '^ = -j- 0,7 tons, per square foot, or 

0,7.2000 I lAiu / • \ ' \. 

-1 = -|- 10 lbs. (compression), per square inch. 

To find the pressure on base E E, ; draw P G horizontally at half 

the whole height; make G M = C57 tons (or the whole load)^ and 

draw M K horizontally, and = 14 J tons (or the whole wind-pressure). 

Draw G K and (if necessary) prolong till it intersects E E, at K. From 

formulaj (44) and (45) we get the stresses at E, and E : p being = G K 

= 658 tons ; and x = ^I K = 20", or 1} feet. For d the width of 

base wc have the total diameter, or IG feet. Therefore stress at 

,^ 658 , ^ 658.U , _, -^ 7.2000 , «_ ,, 

E. = ^-^^ + 6. ^^^2 = + 7 tons per sq. ft., or -^^^ = +07 lbs. 

(compression), per square inch, and stress at E := 6 -1— * = 

151 151.16 

-|- Ij tons (compression), per square foot, or-*' = -|- 23 lbs. 

(compression) per square inch. 

There is, therefore, absolutely no danger from wind. 
Strength of Corbi'ls carrying overhanging parts of the walls, 

Corbels, etc., should Ixj calculated in two ways, first, to see 

' Scale of weights. Fig. 87, npplies to Ot II,, etc., but not to G M. 



STRENGTH OF CORBELS. 



151 



whether the corbel itself is strong enough. We consider the corbel 
as a lever, and use either Formula (25), (26) or (27) ; according to 
how the overhang is distributed on the corbel, usually it will be (25). 
Secondly, to avoid crushing the wall immediately under the corbel, 
or possible tipping of the wall. "\Miere there is danger of the latter, 
long iron beams or stone-blocks must be used on top of the back or 
wall side of corbel, so as to bring the weight of more of the wall to 
bear on the back of corbel. 

To avoid the former (crushing under corbel) find the neutral axis 
6 H of the whole mass, above corbel. Figure 95 ; continue G 11 till 
it intersects A B at K, and use Formulae (44) and (45). 

If M be the centre of A B, then use x^= K M, and p = weight of 
corbel and mass above ; remembering to use and measure all parts 
alike; that is, either, all tons and feet, or all pounds and inches. 

Example, 

Calculation of ^ hrick tower has pilasters 80" toidey projecting 
corbel. i6". On one side the tower is engaged and for reO" 
sons of planning the pilasters cannot he carried down, but must be sup- 
ported on granite corbels at the main roof level, which is 36 feet below 
top of tower. The wall is 24" under corbel, and averages from there 
to top 16", offsets being on both sides, so that it is central over 2A"walL 

What thickness should the granite corbel be t 

If we make the pilaster hollow, of 8" walls, we will save weight on 

the corbel, though 
we lose the advant- 
age of bonding into 
wall all way up. Still, 
we will make it hol- 
low. 

First, find the dis- 
tance of neutral axis 
M-N (Figure 96), 
of pilaster from 24" 
wall, wliich will give 
Fi£. 95. Fig.~96. the central point of 

application of load on corbel. Wo use rule given in the first article, 
and have 

_ 8.80.1 2 + 8.8.4 4- 8.8.4 _ g, „ 
8.30+8.8 + 8.8 * 

The weight of pilaster (overlooking corlxjl) will be 6624 lbs., or 8 J tons. 
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Assuming that only SO" in length of the wall will come on back 
part of corbel, the weight on this part wonld be 8640 lbs., or 4^ tons. 
The bending moment of 6624 lbs. at 9|" from support on a lever 
is (see Formula 27) : 

m = 6G24.9J = 61824 (lbs. inch), 
From Formula (18) we know that: 
m 



(I) 






f 
From Table I, Section Number 3, we haTe: 

r = — -— = — -— = o.a' 
6 6 

And from Table Y, we have for average granite : 

180 



(i)= 



7 

Inserting these values in Formula (18) we have: 

^ = 6^, or d' =^ = 68,7, therefore, d = 8J". 

We should make the block 10" deep, however, to work better with 
brickwork. This would give at the wall a shearing area = 10.80 =r 

800 square inches, or •-— = 22 lbs., per square inch, which granite 

will certainly stand; still, it would be better to corbel out brickwork 
under granite, which will materially stiffen ^^ j^ 

Pressure *^^ strengthen the block. 

under corbel. To find the crushing strain 
on brick wall imder corbel, find the central 
axis of both loads by same rule as we find 
centre of m:avity ; that is, its distance A Ki 
from rear of wall will be (Figure 97) i $i5 

or, say, 22", the pressure at this point will, *"'*• *'• 

of course, be = 4J -|" ^ J = ^} *o°^> or p = 15840 lbs. 

The area will bo = 24.30 = 720 square inches, while K M meas- 
ures 10" ; we have, then, from Formulae (44) and (45) stress at 

g _ 15340 , ^15340.10^ , ^^ j^^ (compression), and 
720 ~ 720.24 ' • 

^ A 15340 « 15340.10 o^ iu„ a^^cI^^n 

Stress at A = -j^ — 6.-=^^-^ — — 31 lbs. (tension). 

There would seem to be, therefore, some tendency to tipping, still 
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we can pass it as safe, particularly as much more than SO'' of the wall 
will bear on the rear of corbel. 

If the wind could play against inside wall of tower, it might help 
to npset the corbel, but as this is impossible, its only effect could be 
againtt the pilaster, which would materially help the corbel against 
tipping. 
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ARCHES. 

^HE manner of laying arches has been de- 
scribed in the previous chapter, while in the 
first chapter was given the theory for calcu* 
lating their strength ; all that will be necessary, 
therefore, in this chapter will be a few practical 
examples. Before giving these, however, it 
will be of great assistance if we first explain 
the method of obtaining graphically the neu- 
tral axis of several surfaces, for which the 
arithmetical method has already been given 

Neutral axis (P* ^0* ^^ ^^^ ^® vertical neu- 
found graphi- tral axis of two plane surfaces 

*^"^' A B E F and B C D E, proceed 

as follows: Find the centres of gravity G„ of 

the former surface and G, of the latter surface. 

Through these centres draw G^ H„ and G, H, 

vertically. 

Draw a vertical line a c anywhere, and make 
ab at any scale equal to surface A B E F, and at 
same scale make 6 c = B C D E. From any 
point Oy draw o a, oh and oc. From the point of 
intersection g^oi oc with H, G„ draw g^ g„ paral- 
lel b till it intersects !!„ G„ at g^^ ; from ^„ draw 
^„ g parallel with o a till it intersects o c at g; 
through g draw g G vertically and this is the de- 
sired vertical neutral axis of the whole mass. 

AVherc there are many parts tlie same method 
*C is used. 

AVe will assume a segmental arch divided into 
five equal parts. Calling part A B C D = No. 
I ; part D C E F = No. II, etc., and the verti- 
cal neutral axis of each part, No. I, No. II, etc. 



ARCHES. 

Draw a f Terticall/ and at aoy conTenicnt Kale, make 

O J = No. I or A B C D t D 

i c = No. 11 or D C E F, 

e(f=No. m 

rfe = No.IVnnd 

«/= No. V 
From any point o draw oa, ob, oc, od, M 
ando/ 

From poiot of intersection 1 of Terti- 
cal axis No. I and oa, drair 1 g parallel 
with o h till it intersects vertical axis 
Ko. n at ^ : then draw g h parallel with □ 
o e till it intersecW vertical nxia No. Ill 
at h ; similHrly draw h i parallel with o d 
to axis No. IV and i J parallel with o a 
to axiB No. V, and, finally, draw _;' 6 par- 
allel with a / till it intersects a o (or 
Its prdongation) at G. A vertical axis 




„^ii= 




throDgh 9 is the vei^ 
tical neutral axis of 



i A till it intersects 
« a at 3, and A g 

till it i 



A vertical axis 
tlirough 4 will Ihen 
bo the vertical 
neutral axis of the 
mass of No3. I, U, 
III and IV; a ve^ 
tical axis tlirough 
3 will be the verti- 



itral a 



sof 



throogh 2 the vertical neutral axis of the 
course the axis through 1 i» <lie vertical neutral 
Wo will now take a few practical examples. 



tlie mass of Nos. I, 

II and III; and 

of Nos. 1 and II. Of 

of No. I. 



IH B 

Example I. 

In a lolid brick will an opening 3 feet icidt u bricked over inilh 
an %-ineh arch. Is thit strong enough t ^ 

The tbicknesB of the irall or arch, of course, does not matter, 
ickere Ihe uali u tolid, and ne need only assume the wall and &rch 
to be one foot thick. If the wall were thicker, the arch would be 
CorrespoDdingly thicker and stronger, so that in all cases where a 
Aroh In 'oad ia even!/ distributed over ao arch we will 

•olid wall. considtT both always as one foot thick. It a wail is 
hollow, or there are uncveo loads, we can cither take the fnll actual 
thickness of the arch, or wo can proportion to one foot of thickness 
of the arch iis proportionate share of the load. 

In our example we as- 
sume ererything as one foot 
thick. The load coming on 
the half-arch B J I L Fig. 
100, wiQ be coclosed by the 
Vouuoin lines A L 

■*'*'•'*• and I A at 
60*" with the horizon. Wo 
^vide the arch into, say, 
four equal voussoirs B C ^ 
CF = FG = GJ. (The , 
manner of dividing might, I \ 
of course, have boon arbi- 
trary as well as equal, liad 
we preferred.) Draw the 
radiating lines through C, 
F and G, and from their 
upper jioinls draw the ver- 
tical lines to D, Vj and II. 
Now find the weight of each slice, remembering always to include the 
weight cf the vousFoir in each slice. \\c have, then, approximately. 

No. I (A BCD) = 3' X i'x 112 ijounds = 168 pounds 

No. II (D C F 1-;) = 2i' X J'xlia " =110 " 

No. III(EFGII) = li'x^'xll2 •' =73 « 

No. IV {II G J I) = i' X ,V » 
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As the arch is evidently heavily loaded at the centre, we assume 

the point a at one-third the height of B L from the top, or 

I B 
L a = -^ =21" and draw the horizontal line a 4. 

As previously explained, find the neutral axes : 

Honxontal 1 i7. of .part No. I, 

prMsuras. 2 g^ of parts No. 1 plus No. II, 

3 ^t of parts Nos. I, II and III, and 

4 ^4 of the whole half arch. 

Now make at any scale 1 ^, = 1G8 units = No. I ; similarly at same 
scale 2 ^, = 168 -f- 119 ""its = 287 == No I and No. II, and 
8 <7j= 287 + 73 units = 360 = No. I + No. 11 + No. III. 
4 (74 = 360 -f- 43 units = 403 = weight of half arch and its load. 
Now make : C Zi = i C L, = 2§". 

Similarly, F 4 = i F I^ = 2§" ; also, G /, = J G L, = 2f", 
And, J /4 = i J I = 2§". 

Through ^„ g^^ g^ and g^ draw horizontal lines, and draw the lines 
1 /„ 2 2s, 3 /, and 4 ^4 till they intersect the horizontal lines at A„ A«, A, 
and h^; then will g^ A, measured at same scale as 1 g^ represent the 
horizontal thrust of A B C D ; //s ^a the horizontal thrust of A B F £ t 
gi A, the horizontal thrust of A B G H and ^4 h^ the horizontal thrust 
of the half arch and its load. In this case it happens that the latter 
is the greatest, so that we select it as our horizontal pressure, and 
make (in Fig. 101) a = (74 A4 = 620 pounds, at any convenient scale« 
Now (in Fig. 101) make a ft = 168 pounds = No. I. 

ftc = 119 " =No. II. 
cc?= 73 " = No. III. 
dc= 43 " =No. IV. 
Draw oh, oc, od and oe. 

Now begin at a, draw a 1 parallel with a till it in- 
pressure. tersects axis No. I at 1 ; from 1 draw 1 j„ parallel with 
o b till it intersects axis No. II at t, ; from t, draw i, r'a parallel with o c 
till it intersects axis No. Ill at t,; from /, draw t, I3 parallel with d 
till it intersects axis No. IV at t,; from /, draw t, K^ parallel with e, 
A curve through the points a, /C„ /fj, Kz and K^ (where the former 
lines intersect the voussoir joint lines) and tangent to the line a 1 1, t, i, 
FU would bo the real curve of pressure. The amount of pressure on 
joint C L, would be concentrated at K^ and would be equal to ft 
(measured at same scale as a ft, etc.). The pressure on joint F L| 
would be concentrated at K^ and be equal to c. The pressure on 
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Joint 6 L| wajld be coacentrated at Kt and eqnal to o (L The pres- 
sure on the skew-back joint J I would be concentrated at K4 and be 
equal tooe. The latter joint evidently suffers the most, for not only 
has it got the greatest pressure to bear, but the curre of pressure is 
farther from the centre than at any other joint. We need calculate 
this joint only, therefore, for if it is safe, the others certainly are so, 

Stress at ei- ^^^' ^^ scale we find that J K^ measures 2 J", or K^ 

trades and is (z =) 1^'' from the centre of joint; we find fur- 

intrados. ^^^ ^j^^ ^ ^ scales 740 units, therefore (/? =) o « = 

740 pounds. 

The width of joint is, of course, 8", and the area = 8 z 12 = 96 
square inches ; therefore, from Formula (44) 



740 



740. 1|__ 



Stress at edge J =^+C. -Ifl41 = 4-16,26 
° 96 ^ 96. 8 * * 



and from (45) 

Stress at edjre I = ii^ — 6. il^Lli = — 



0,85 



96 96. 8 

Or the edge J would be subject to the slight compression of 16^ 
pounds, and edge at I to a tension of a little less than one pound per 
square inch. The arch, therefore, is more than sale. 

Example IT. 

A four-inch rowlock brick arch is built between two iron beams, of 
five feet fpan, the radius of arch being Jive feet. The arch is loaded at 
the rate of 150 pounds per square foot. Is it safe t 

In this case we will divide the top of arch A D into five equal sec- 
ions and assume that each section carries 75 pounds — (which, of 

_ . ,. course, is not quite correct). AVo find the horizontal 

Brick floor- ' ^ 

arch, pressures (Fig. 102) <;, /t„ ^t^ etc., as before, and find 
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Fig. 10 2. 

again ^5 h^ the largest and equal to 575 pounds. We now make (Fig. 
103) at any convenient scale, o a = //g A5 = 575 pounds, and a ft = 



BRICK FLOOR-ARCH. 
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he = e dr=zd e=: €/= 75 pounds and draw o a, ob, o c, etc. We 

DOW find the broken line a 1 t\ t^ i, 14 K^ where : 

a 1 is parallel with oa It, is parallel with o b 

i,it " " oc 1,1, « " orf 

itU " " o<? uKi " " 0/ 

In this case again evidently the greatest stress is on the skew-back 

joint C D, for it not only has the greatest pressure ff but the cunre of 




FIff. I03, 
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pressure passes farther from the centre than at any other joint. We 
find that C K^ scales 1^ inches, therefore the distance of K^ from the 
centre is {x =) J". We scale o f and find it scales 690 units, or 
(p )= GOO pounds. The joint is 4" wide and its area=4 x 12 = 48 
aquare inches. 
From Formulas (44) and (45) we have then : 

Stress at C = !^ + G. ?^ii = + 30,6 pounds and 

48 48. 4 



c^ *T> 630 r GOO. }_ 
Stre«.atD = ^-G.^ = 



1,8 pounds. 



The arch, therefore, is perfectly safe. 

Example III. 

TtDO iron heamSy five feet apart, same as be/ore, but filled mth a 
straight V hollow fire-clay arch. The load per foot to be assumed at 
140 pounds. Is the arch safe f 

FIraproof ^^ ^^® ^^^ pounds on the half arch we will assume 

fioor-aroh. gQ pounds to come on each of the blocks and 80 
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pounds on the skew-back. We then (in Fig. 104) find, as before, the 
horizontal pressures, g^ A„ g^ h^, etc. Again we find the largest pres- 
sure to be ^6 ^M &n<l ^ it scales 2040 units, we make (in Fig. 105) at 
any conyenient scale and place o a = g^hi = 2040 pounds. We also 
make ab = bc = cd = der= SO units and « /= SO units. 

Draw oOf chy oc, etc. Drawing the lines parallel thereto, beginning 
at a we get the line a 1 1\ t^ t, {« K^, same as before Imagining a joint 
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Fig. 105. 

at C D this would evidently be the joint with greatest stress, for the 
same reasons mentioned before. We find C K^ scales 2|", and as C D 
scales 7^" the point K^ is distant from the centre of joint. 

(a: = )34 — 2S = 1" 
as o/ scales 2100 units or pounds, and the joint is 7^" deep with area 
■M 7^. 12 as 87 square inches, wo have: 

Stress at C = H52 -f c. 512:2;-^ = + 44,14 pounds and 



Stress at D = 



Fig. 106. 



87 

2100 

87 



— 6. 



87. 7^ 
2100. 1 



= -|- 4,14 pounds. 




p'.irts of block. Therefore we should have : 



87. 7i 

The arch, therefore, would seem 
perfectly safe. But the blocks are 
not solid ; let us assume a section 
tlirough the skew-back joint C D 
to be as per Fig. 106. We should 
have in Formulae (44) and (45) 
Xf Pf and the depth of joint same 
as before, but for the area we 
should use a = 3.1^.12 ■» 54 square 
inches, or only the area of solid 
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StresB ftt C = H^ + C. !i52L' = -(_ 71 pounds, and 
Stre«atD = B02-G.^= + 6,71 pounds 

There need, therefore, be no doubt aboat tbe safety of the arch. 
Example IV. 

Ooer a 20-mck brick arch of 8 feet clear span is a centre pier 16' 
tcidf, carrying some tao tjns weight. On each side of pier is a tcindow 
opening 2^ feet wide, and beyond, piers similarly loaded. Is the arch 
sa/eT 

. ^ In fmnt ^'* divide the bnlf arch into five equal voussoin. 
wbJI conceit* The amounts ami neutral axes of the different tous- 

trated loads. ^^.^^ ^^j ^^^^^ cotuing over each, are indicated in 
circles and by arrows ; thus, on tho top vousroir E B (Fig. 10") we 
hare a load of 2100 pounds, another of G2 pounds, and (he weight of 
Touseoir or 328 pounds. The neutral axis of the three is the Terti- 
cbI tliroDgh G, (Fig. 108). Agun on yousBoir E F (Fig. 107) we 




fIk. 10 t, 
hare the load 174 pounds, and weight of TOUSMir SSS ponnilj; the 
Tertical neutral axis ot the two being through G„ (Fig. 108). Simi- 
larly we get the neutral axes G„„ G„ and G, (Fig. 108) for each of 
the other roussoirs. Now rcmcmlwring that 1 jr, (Fig. 107) is tho 
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neutral Axis of uid equal to the voussoir B E and it« load ; 2 g, the 
neutral axis of and C({ual to tbc sum of the voussoirs B E and £ F 
and their loads, etc., we find the horizontal thrusta g, li„ g, h^ g^ h^ 
etc. The last gt A, is again the largest, and wo find it scales 7650 
units or pounds. 

The arch b^ag heavily loaded we selected a at one-third from the 
top of A B. We now make (Fig. 103) ao= 7S50 pounds or units 
at anjr scale; and at same scale make a6^S300 pounds; bc^402 
pounds; c d^iS2 pounds; d e^ZOiS pounds, and e/^18C8 
pounds. Draw ob,o c,o d, etc Now draw as before a 1 parallel 
with o a to axis G, ; also 1 1, parallel with ob to axis G„ ; ^ i^ parallel 
with o e to G^ etc. We then again have the points a. Kg K^ Kt, K, 




F,<. IDS. 
and Ki of the curve of pressure. Aa ff, ia the point farthest from the 
centre of arch-ring and at the same lime auataina the greatest pressure 
(of) we need examine but the joint C D ; for if this ia safe so tire the 
others. We insert, then, in Formulse (44) and (45) for 

p 1= of= 11250 jiounds, and as A'j C measures 6j", 
X = 10" — Ci" = 3}" ; also as the joint is 20" wide, 
a = 12. 20 =; 240 square inches. 



ASCU ' 

Tberefora 

8tre»Bat C = ^ 



ITll ABUTMENT. 



Stress a 



-f 96 pouDils, and 
. — 8 pounds. 



11250, . U2JQ.8 t_ 

240 "*" ' 2-10. 20 ~ 

, 11250 _„ 11250. 3t _ 

240 * 240. 20" 

The ucb b, therefore, safe. 

Example V. 

A 12-incA brict: temi-circular arch hat 12/ool »pan. A Molid brick 

tpall it built over the arch to a lei-el mih one foot above the keystone. 

The abutment piers are bfeet hiijh to the spring of arch and are each 

t feet wide, including, ofcourie, the tciJthofakea-iarks. Are the arch 

and pier$ safe t 

Ar«h In tonce- As before, wc will assumo arch, pier, and nail 
'*'" mSJ.*""'" over arch, each one foot tliitk. Wo will divide the 
load over arcli into Bi^vcn equally wide nlicca. This will make 
uneven vouesoirs, but 
this (Iocs not matter, 
'as our joint lines (and 
TOOBSoirs) nro ouly 
im^nary anyhow, 
and not neceesarUy of 
the shape of tlic ac- 
tual YouBsoirp, which 
ia brick would, of 
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seated by each si 
brick. The amount 
of the turns of each 
vouBSOLT and its load, 
ftod (he vertical neu- 
tral axes of the differ- 
ent sets are given by 
the arrows and Unes 
G„ G^ G„ eie. (in 
Fig. 110). When 
considering the 
safety of the abut- 
ment wo treat it ex- 
actly the same as the voossoirs (and loads) of the arch ; that is, we 
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take the whole weight of the abutment, viz., C D E FIH C and find 
its neutral axis Gs. 

Returning now to the arch, we go through the same process as 
before. We find the horizontal pressu.es (Fig. 109) g^ A„ g^ h^ etc. 
In this case we find that the last pressure //; hj is not as large as g^ h^ ; 
therefore we adopt the latter; it scales 1125 units or pounds. We 
now make (Fig. 110) a o = 1425 pounds ; and a 6 = 251 pounds ; 
b c =z 280 pounds ; c d = 373 pounds, etc. ; g h is equal to the last 
section of arch or 1782 pounds. We continue, however, and make 
A i = 4G00 pounds = the weight of abutment. Draw o a, o b, o c, 
etc., to i. Then get the tangents to the curve of pressure, as be- 
fore, viz. : a 1 f, i^ t, 1*4 ij i^ Kj ; we now continue t« iTj, which is par- 
allel with o/t till it intersects the vertical axis G^ of the abutment at 1*7 
and from thence we draw 2*7 K^ parallel with o u 

.^ _^ We will now examine the base joint 1 11 of pier. 

Thrust on , J ' 

abutment. I K^ scales lOJ", and as the pier is 36" wide, A'g is 
7 J" from the centre of joint. The area is a = 12.36 = 432 and the 
pressure is p = i = 9100 pounds. 
Therefore, 



and 



o^ . T 9100 , c 9100.7} , .Q , 

Stress at I = ^^ + 6. ^j^ = -f 48 pounds, 

c.w. fTT 9100 p 9100.7} ^ ^„„Jo 

Stress at II = -j^ - G. ^^^ = - 6 pounds. 



There is, therefore, a slight tendency for the pier to revolve around 
the point I, raising itself at II ; still the tendency is so small, only 6 
pouijds per square inch, that we can safely pass the pier, so far as 
danger from thrust is concerned. 

Joint C D at tho spring of the arch looks rather dangerous, how- 
ever, as Iq /; cuts it so near its edge D. Let us e:^mino it. D Kj 
measures 1 J", therefore Kj is 4 J'' from the centre of joint, which is 
12" wide. The area is, of course, a = 12. 12 = 144 and the pressure 

j9 = o 7i = 4G00 pounds. Therefore, 

c* * rk 4000 , ^ 4G00.44 , -^. , 

Stress at D = -— — -f- G. ■ ^ ^ ^ f = + 104 pounds, 

144 ' 144.12 ' '^ 

and 

o* * n 4G00 p 4G00.4i -^ , 

Stress at C = — — - — G. , ,, ,: = — 40 pounds. 

144 144.12 

It is evident, therefore, that the arch itself is not safe, and it should 

be designed deeper ; that is, the joints should be made deeper (say, 

IG"), and a new calculation made. 



yi^fo^, to ^^ insteiul of an abutment-pier, wo had used im 

nrchaa. iron tie-rod, its sectional area would have to be euf- 

Gcicnt to re»st a teosioD equal to ibe greatest horizontal thrust o a ; 




and can ibonld be taken to proportion the vruhcre at each cn'l, large 
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enough that they may have sufficient bearmg-surface bo as not to 

crush the material of the skew-backs. 

Thus, in Example III, Fig. 105, if we should place the iron tie-rods 

to the beams 5 feet apart, they would resist a tension equal to fiye 

times the horizontal tlirust o a, which, of course, was calculated for 

1 foot only, or 

t = 5. 2040 = 10200 pounds. 

The safe resistance of wrought-iron to tension is from Table IV, 12000 

pounds per square inch ; we need, therefore : 

10200 ^Q. . , 

j^^ = 0,85 square inches 

of area in the rod; or the rod should bo 1^" diameter. A 1" or 
even |" rod would probably be strong enough, however, as such 
small iron is apt to bo better welded, and, consequently, stronger, 
and tlie load on the arch would probably bo a " dead " one. 

As the end of rod will bear directly against the iron beam, the 
washers need have but about ^" bearing all around the end of the 
rod, so that the nut would probably be large enough, and no washer 
be needed. 

Example VL 

A pier 28" wide and 10' high supports two abutting semi-circular 
arches ; the right one a 20" Irick arch of 8' span ; the left one an 8" 
hrick arch of 3' span. The loads on the arches are indicated in the 
Figure 111. Is the pier safe f 

Uneven arches ^^^ loads are so heavy compared to the weight of 
with central pier, the voussoirs, that wc will neglect the latter, in this 
case, and consider the vertical neutral axis of and the amount of 
each load as covering the voussoirs also; except in the case of the 
lower two voussoirs, where the axes are considerably affected. We 
find the curve of pressure of each arch as before. 

For the large arch wc would have the curve through a and i, for 
the small one through a, and t,; the points i and /, being the inter- 
sections of the curves with the last vertical neutral axis of each arch. 

Now from i draw i x parallel with of and from i, draw i, x (back- 
wards), but parallel with o,f till the two lines intersect at x. Now 
make f g parallel ^vith and = o, /], and draw g h vertically = 2G00 
pounds = the wcij;ht of the ])ier from the springing line to the base 
(1' thick). Draw o g and o h. Now returning to x, draw x y paral- 
lel with g till it intersects the neutral axis of the pier at y, and from 
y draw y z parallel with o h till it intersects the base joint C D of 
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I^er (or itt prolongation) at K,. ConUnno bIm x jr till it intewecta 
tb« ipiii^g joint A B and JT. Now, then, to get tha BtretBe* at 




.UiHJjIin 



joint A B we know that the width of joiot is 28",tlierefoTea=:3S.I9 
= 336; further p^o g =l 1E)250 pounda, and ta B K Kales one 
loch, R ie distant 13" from tlic centre of joiot, therefore 



Stress at A : 



19250 , 10250. 13 



-102 pounds. 



ThruM on '^^ arch, therefore, ennnot safely carry sueh heavj 

cantrnl p[ari loads. The pier we shall naturally expect to find 
Mill more unsafi;, and in effect have, remembering that joint D C is 
28" wide, therefore, area 336 square incliea, and as AT, distant 5i" 
from centre of joint, and p = o h^2i 750 pounds. 
21750 , „ 21750. 64 



Stress at D = 



33G 



+«■ 



336. : 



- = + 813 pounds. 



Btreu at C = 



- = — 684 pound«. 



_ 21750 _. 21750. fi4 _ 
' S3fi. 28 ' 

ReiiadhrauBh '^^ coiiBtructlon, therefore, inuat be radicaUy 
Iron-work, changed, if tlie loads cannot be aJtered. If tbe 
arches are needed a ornamental features, thcjr ehould be constracted 
to tarry their own weight only, and iron-work overhead should carry 
the loads, and bear cither nearer to, or directly over, the piers, as 
farther trials and calculations might call for. If thin i) done the wall 
To avoid should be left hoUov under all but the ends of iron- 

aracka.work until it gets its "set"; that is, until it ha* 
taken its full load and deflection ; and then the wall should be 
pointed nith soft "putty" mortar. 

Examplt Vrl. 
The foundations of a building rest on brick piers 6' wide and 16' 
apart. The piers are joined by 32" brick inaerled archet and tied to- 
gether 8' above the spring of the arch. Piers and arches are 9' thtet. 
Load on central piers is 73 tons; on end pier 60 tons. It lUs con- 
ilruelien safe t 

ln>art«(i ^^<^ ^'^ ^^^^ examine the inner or left pier. The 

■rohaa. pjer being 3' thick and the load 72 tons, each 1' of 

thickness will, of course, carry ^^24 tons. The width from centre 

to centre of piers is just 24', so that each running foot of wall under 




arth will receive a pressure of one ton. Now all we need to do is to 
imagine this pressure as the load on the arch. We can either draw 
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the arch upside down with a load of one ton per foot, or we cab make 
the drawing with the arch in correct position and the weights press- 
ing upward, as shown in Fig. 112. We divide the load into five equal 
Stransth of slices, each about 2' wide, therefore = 2 tons each. 
arch. Wo make a 6 = 2 tons ; b c = 2 tons, etc., and find 
the horizontal pressures g^ A„ g^ h^, etc., same as before. Again, g^ h^ 
is the largest, measuring 13 units or tons. Now make o a = 13 tons, 
and draw ob,oCf etc. Construct the line a 1 KiOr curve of pressure 
same as before. Joint L M is evidently the most strained one. We 
find M Ki measures 11", and as tlie arch is 32" (= M L), of course, 
Kt is 5" from the centre of joint. The area of joint is a = 32. 12 = 
384. We scale of, the pressure at K^, and find that it measures 16 J 
onitSi or 33000 pounds, therefore 

c* * \f 33000 , « 33000.5 , ,^q , 

Stress at M = ^^ + G. ^^^-^ = + 168 pounds 

Stress at L == ?i^^ - G. 33000^ _ ^ ^ ^^^^ 

384 384. 32 ' *^ 

Osntral ^^^ arch, therefore, is perfectly safe. Of course, 

pier. the left pier is safe, for being an inner pier the re- 
sistance K^x oi the adjoining arch to the left will just counter-bal- 
ance the thrust of our arch, or K^ x. But at tlie end (right) pier this 
is different. We, of course, proportion the length of foundation A C, 
to get same pressure as on rest of wall under arch. The end pier car- 

60 
ries 60 tons, or g- = 20 tons per foot thick. The pressure per running 

foot on wall under arch we found to be one ton, therefore A C should 
Thrust on ^® -^ ^^^^ long. The half-arch will take the pressure 

end pier, of 10 feet (from A to B) or 10 tons, and the balance 
(10 tons) will come on B C. This will act through its central axis 
G II, which, at the arch skew-back, will be half-way between the end 
of arch J and outside pier-line I F. This will, of course, deflect some- 
what the abutment (or last pressure) line Kj H of the arch. At any 
conyenient place draw a^f^ vertically equal 10 tons, and a, o, horizon- 
tally equal 13 tons, the already known horizontal pressure. Then 
Kj II is, of course, parallel with and equal o,/,. Now make/, g^ = 

10 tons and draw o, <;,. Now on the pier draw UK parallel with o, (/,; 

11 being the point of intersection of G II and KjlL As the pier is 
tied back 8' above the arch, we take our joint-line at E F, being 8' 
above D. We find, by scale, that K is 58" from the centre of E F, 
the latter bein^ 72" wide. The area is a = 72. 12 = 8G4. And as 
o, ^, scales 24 units, the pressure is, of course, 24 tons or 48000 pounds. 
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therefore : 



and 



«♦«»-. •♦ T? — ^8000 , « 48000. 58 • ,1 . ^„«^. 
Stress at F=-g^ + 6.-^^^j-^= + 815 poundi. 

^^ ^ „ 48000 ^ 48000. 58 „^^ , 

Stress at E = g. — 6. gg. -» = *— 207 pounds. 



Use of There is, therefore, no douht of the insecurity of 

buttress, the end pier. Two courses for safety are now open. 
Either we can huild a buttress sufficiently heavy to resist the thrust 
of the end arch, or we can tie the pier back. The former case is 
easily calculated ; we simply include the mass of the buttress in the 
resistance and sliift the axis G H to the centre of gravity of the area 
of pier and buttress up to joint E F. Of course, the buttress should 
be carried up to the joint-line E F, but it can taper away from there. 
Use of ^^ ^^ ^^^ back with iron we need sufficient area to 

tie-rods, resist a tension equal to the horizontal pressure a o, 
which in this case is 13 tons or 26000 pounds per foot thick of wall. 
As the wall is 3' thick, the total horizontal thrust is 3. 26000 = 78000 
pounds. The tensional stress of wrought-iron being 12000 pounds 

per square inch, we need = ^ J square inches area, or, say, two 

wrought-iron straps, 4" z |", one each side of pier. By this method 
the inner or left arch becomes practically the end arch. For the last 
two piers and the right arch become one solid mass ; and not only is 
their entire weight thrown against the second or inner arch, but the 
centre of gravity of the whole mass shifts to the centre line of end 
arch, or in our case 9' inside of the end pier ; so that there is no pos- 
sible doubt of the strength of the abutment. There is one element 
of weakness, however, in the small bearing the pier has on the skew- 
back of the arch, the danger being of the pier cracking upwards and 
settling past and under the arch. This can be avoided, as already 
explained, by building a large bond-stone across the entire pier, form- 
ing skew-backs for the arch to bear against. 

Example VIII. 
A semi-circular dome^ circular in plan^ is 40' inside diameter. The 
shell is 5' thick at the spring and 2' at the crown. The dome is of cut- 
stone. Will it stand f 

Calculation ^^^® ^^^^ ^ section (Fig. 1 14) of the half-dome and 

of dome, treat it exactly the same as any other arch. The only 

diflerencc is in the assumption of the weights. Instead of assuming 

the arch V thick, we take with ejicli voussoir its entire weight around 



CIRCULAR DOME. 



one-hftlf of the dome. 
■iximaginBTy 




divide the MctioD into 
will act through 
centre oE gra»- 



NoiT 



ight 



Xrt. I will be equal 
to the area of the top 
vouBBoir multiplied 
by the circumfer- 
ence of a Bemi- 
circle with A B as 
radius. Simibrlj, 
No. II will ba equal 
to the area of the 



multiplied hj th« 
circumference of a 
semi-circle with A C 
Of radius; No. Ill 
will be equal to the 

r<M of TOUSSOIT 3, 

multtplicd b^ the 
circumference of a 
Bomi-circle with A 
D as radiua, etc. 
Tlie Tcrtical neu- 
tral axes Noa. I, n. 



ur, 






course, through the 
centres of gravity of 
their respective vouMt^s. I^ow the top vouuoir roeoaurcs 0' G" 
by anaverage ttiickaes3o[2']"or9}.2^=:ll,4G or, say, 11 ^square 
fccL As A B (the radiua) mcaaurea 2' 0", the circumference of 
its Ecmi-circlo nould be 6',C. Taking the weight of the stone at 
160 pounda per cubic foot, wo should then have tlio weight of No, 
[ = 11,5. 8, C. 160 = 1682J pounds, or, say, 8 tons. 
Similarly wo should have: 

No. n = 12,4. 25,1. ICO = 43708 pounds, or, say, 25 tons. 
No. Ill = 14,2. 40. ICO = 90880 " " 45 " 

No. IV =; 17,4. 52,7. IGO = 14G7IC '- " 73 " 

No. V = 21.2. G2,8. 100 = 213017 " " lOG " 

No. VI = 28,7. (J0,1. 100 = 317307 « « 158 " 
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We now mako a & = 8 tons, bc^iS tons, ed = iS tons, d e^ 
73 tons, «/= 106 tons and/i? = 158 tons. We find the horizontal 
pressures j, A„ g. An etc. (in Fig. 1 13), eame as before. In this case 



rrvKcv N'lv w ij" 

H-T-f-^- 




wc find that the largest pressure is not the last one, but g^ A, which 
measures 78 units; we tliereforo select the latter and (in Fig. 114) 
mal;e a o=s gi!i,^= 73 tons. Draw o b, o c, o d, etc., and construct 
the lino a 1 i, i, i, i, i^ A'„ same as before. In this case we cannot 
tell at a glance whicli is the most strained voussoir joint, for at joint 
H I tlie pressure is not very great, but tlie lino is farthest from the 
centre of joint. Agtun, nhilc Joiat J L has not so mucli pressure as 
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the bottom joint M N, the line is farther from the centre. We must, 
tlierefore, examine all three joints. 

AVc will take II I first. The widtli of joint is 2' 5" or 29". The 
pressure is o c, which scales 88 tons or 1 76000 pounds. The distance 
of Ki from the centre of joint P is 16". The area of the joint is, of 
course, the full area of the joint around one-half of the dome, or equal 
to II I multiplied by the circumference of a semi-circle with the dis- 
tance of P from a <7 as radius. The latter is 10' 6", therefore area 
= 2|^. 83 = 80 square feet or 11520 square inches, therefore : 

Stress at I = ^1522? + 6. Ii52?2ll6 ^ , e5,D 
11520 ^ 11520. 29 ^ ' 

c* *xr 176000 ^ 176000.16 or o 

Stress at II = — ^—- — 6. ,^^^^ ^^ = — 35,3. 

11520 11520. 29 ' 

For joint J L we should have : the width of joint = 50". The 
pressure = o/^ 272 tons or 544000 pounds. The distance of K^ 
from the centre of joint is 8", while for the area we have 50. 66§. 12 
= 40000 square inches, therefore : 

Stress at J = ^^ + 6. ^gO^J = + 2G,6 pounds, 

and 

c*«« * T 544000 ^ 540000. 8 , ^ , , 

Stress at L = ^^^^ « 6. -^^^^^^^ = + 0,5 pound. 

For the bottom joint M N we should have the width of joint = 60". 
The pressure =zo g = 428 tons or 856000 pounds. The distance of 
K^ from the centre of joint is 4", while for the area we have 60. 70|. 
12 = 50880 square inches, therefore : 

^, 856000 , ^ 856000. 4 , „^ , 
Stress at M = -^^^^ + 6. ^oggoTeo = + ^^^^ pounds, 

and 

.^ 856000 ^ 856000.4 . ^ 
Stress at ^ = ^gg^- - 6. ^^jgyoTSO = + ^^ P^^^^^' 

The arch, therefore, would seem perfectly safe except at the joint 
H I, where there is a tendency of the joint to open at II. Had we, 
however, remembered that this is an arch, lightly loaded, and started 
our line at the lower third of the crown joint, instead of at the upper 
third, the line would have been quite different and undoubtedly safe. 

The dangerous point K^ in that case would be much nearer the 
centre of joint, while the other lines and joints would not vary enough 
to call for a new calculation, and we can safely pass the arch. One 
thing most be noted, however, in making the new figure, and that is 
that the horizontal pressures g^ A„ ^s At> etc. (in Fig. 113), would have 



174 8AFE BUILDING. 

to be changed, too, and would become somewhat larger than before, 
as the line c, 6 would now drop to the level of o^. A trial will show 
that the largest would again be g^ h^, and would scale 80 units or 
tons, which should be used (in Fig. 114) in place of a o. 

■Thrust of -^^ regards abutments, there usually 

B dome, are none in a dome ; it becomes neces- 

sary, therefore, to take up the horizontal thrust, eitlier 
by metal bands around the entire dome, or by dovetailing 
the joints of each horizontal course. We must, of course. 



D 
1^ 



^ take the horizontal thrust existing at each joint. Thus, if 
we were considering the second joint II I the horizontal 
thrust would be g^ h^; or, if we were considering the fifth joint 
.7 L the horizontal thrust would be g^ h^. For the lower joint M N 
we might take its own horizontal thrust g^ A«, which is smaller than 
g^ h^ provided we take care of the joint J L separately ; if not, we 
should take the larger thrust. 

Metal bands. If we use a metal band its area manifestly should 
be strong enough to resist on^-AaZ/' the thrust, as there will be a sec- 
tion in tension at each end of the semi-circle, or 

„^h 

« (65) 



'ij) 



f 

Where a = area, in square inches, of metal bands around domes, 
at any joint. 

Where h = the horizontal thrust at joint, in pounds. 

Where f^ -^ j = the safe resistance of the metal to tension, per 

square inch. 

In our case, then, for the two lower joints, if the bands are wrought- 

iron, we should have, as A = 80 tons = 160000 pounds. 

I GOOOO ___ 
" "" 2. 12000 "~ 3 

Or wc would use a band, say, 5" x 1 J". 
Strength of ^^ dovetailed dowels of stone are used, as shown in 

dowels, pjg 115^ there should be one, of course, in every ver- 
tical joint. The dowels should be large enough not to tear apart at 
A D, nor to shear off at A E, nor to crush A B. Similarly, care 
should be taken that the area of C -f- B F is sufficient to resist the 
tension, and of II C to resist the shearing. 

The strain on A D will, of course, be tension and equal to one-half 
the horizontal thrust ; the same formula holds good, therefore, as for 
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metal bands, except, of course, that we use for ( ~? ) its value for what- 
ever stone we select. Supposing the dome to bo built of average mar- 
ble, we should have from Table V, 

= 70, therefore, 



(7) 



160000 . „ 

Now if the dome is built in courses 2' 6" or SO'' high, the width of 

dovetail at its neck A D would need to be : 

^ -^ 1143 „^ . , 
A D = -gTj- = 38 inches. 

As this would evidently not l.avc sufficient area at G C and B F 
we must make A D smaller, and shall be compelled to use either a 
metal dowel, or some stronger stone. By reference to Table Y we 
find that for bluestonc, 

( -y j = 140, therefore : 
160000 ^^^ _ 

. T^ 671 ^ . ^ 
A D = -n^ == 19 inches. 

This would almost do for the lower joint, which is 60" wide, for if we 
made : G C + B F = 38" and 

A D = 1 9" it would leave 
60 — 38 + 19 = 3" or, say, IJ" splay; that is, 
D II r= 1 J". Had we used iron, or even slate, however, there would 
be no trouble. 

The shearing strain on cither A E or H C will, of course, be equal 
to one-quarter of the horizontal thrust or 

Where h r= the width of one-half the dowel, in inches (A E) 
Where h = the horizontal thrust at the joint, in pounds 
Where d = the height of the course, in inches. 

Where f-^j:= the safe resistance to shearing, per square inch, 

of either dowel or stone voussoir (wliiclicver is weaker). 

When the shearing ptrcss of a stone is not known, we can take the 
tension instead. Thus in our case as the marble is the weaker, we 
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ahould 1 



•(f)= 



= HC=j 



7; = 19 inchei. 



70, theretore 
160000 
. 30. 70^ 

The compreseion on A B need not be figured, of eoaiae, for wliile 
the etraio is the same as od A E, ihe area of A B ia somewhat larger, 
and all stones resist corapreasioii better than shearing. 
Camb»rad When a plank is "cambered," sprung up, and the 

plank arch, ends securely confined, it bocomea much atronger 
transversely than irhea lying flat. The reason is very simple, as it 
novr acts as an arch, and forces the abutments to do part of its work. 
Such a plank can be calculated tlie same as any other arch. 
Bpanlah tlla Quite a curiosity in construction, somewhat In the 

archa«> aboTo line, lias been recently introduced in New York 
by a Spanish architect. He builds floor-arches but 3" thick, of 3 suc- 
;c"iVL lajers of l"-thick tiles, up to 
to' <!pau, and more. His arches have 
iijthstood safely test-loads of 700 
! 1 1 Lids a square foot. The secret of 
Ijl stiingtbof his arches consbts in 
lull foUowmg closely the curve of 
ire^^itre, thus avoiding tension in 
19 far as possible. But 
to exist, it could not 
Lii a joint without bodily tearing off 
'criil tiles and opening many joints, 
shown in Fig. IIG, owing to the 
fact tliat each course is thoroughly bonded and breaks joints with the 
course below ; l>eEii]es this, each upper laytr is attached to its lower 
layer by Portland-cement mortar. Sjiecimens of these tiles hare been 
tested for the writer and were found to be as follows : 
Compression (12 days old) c =^ 2911 pounds 
or say ^-1 J^^300 pound). 
Tension (10 days old) ( = 287 pounds 
or say f — , I ^ 30 pounds. 

The shearing stress of the mortar-joints is evidently greater than 
the tension, as samples tested tore across the tile and could not be 
sheared off. 

The modulus of rupture (about 10 days old) was 
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I; = 91 pounds 
or, say, f-^j = 10 pounds. 

Of coarse older specimens would prove much stronger. 

There is only one valid objection that the writer has heard so far 
against these arches, and this is, that in case of any uneven settle- 
ment they might prove dangerous ; as, of course, the margin in which 
the curve of pressure can safely shift in case of changed surround- 
ings is very small. The writer does not think the objection very 
great, however, as settlements arc apt to ruin any arch and should 
be carefully provided against in every case. The arches have some 
very great advantages. The principal one, of course, is their light- 
ness of construction and saving of weight on the floors, walls and 
foundations. Then, too, in most cases iron beams can be entirely 
dispensed with, the arches resting directly on the brick walls; of 
course, there must be weight enough on the wall to resist the hori- 
zontal thrust, or else iron tie-rods must bo resorted to. The former 
is calculated as already explained for retaining walls. If tie-rods 
are used, they are calculated as explained above for the example of 
the 7" flat floor arch. An example of these 3"-tile arches may be of 
interest. 

Example IX. 

A seffmental 8" tile arch, huUt as explained above, has 20^ clear span 
with a rise at the centre of 20". The floor is loaded at the rate of 150 
pounds per square foot. Is the arch sa/p t 

■xample of ^^® divide the arch into five parts or voussoirs, 

tile arch. each voussoir carrying 2' of floor = 300 pounds; we 

make (Fig. 118) ab=: 800 pounds, he = 800 pounds, etc., and find 




2 > ^ < g r • > k> 



Fig 1 1 7. 

the horizontal pressures (Fig. 117)^, A„ g^ Kt etc. The last one g^ h^ 
is the largest and scales 4500 units or pounds. We now make (Fig. 
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118) a o = ^ft Aft = 4500 pounds and draw ob^ oc^ ody etc. We next 
construct the curve of pressure a K and find that it coincides as 
closely as possible with the centre line of the arch. This means that 




»m4k».m »f mrnmr. 



Hg. 118. 

the pressure on each joint will be uniformly distributed. That on 

the lower joint is, of course, the largest and is = o yj which scales 

4700 pounds. The area of the joint is, of course, a = 3. 12 = 86 

square inches, therefore the greatest stress per square inch will be 

4700 ,oA J 

_ = 130 pounds compresMon. 

As the tests gave us 300 pounds compression, per square inch, as 
safe stress of a sample only twelve days old, the arch is, of course, 
perfectly safe. 

If, however, instead of a uniform load, we had to provide for a 
very heavy concentrated load, or heavy-moving loads, or vibrations, 
it would not be advisable to use these arches. 

Danser of "^ ^^^ ^® have simply considered the danger of 

slldlriB* compression or tension at the joints of an arch; 
there is, however, another clement of danger, though one that does 
not arise frequently, viz. : the danger of one voussoir sliding past the 
other. Whore strong and quick-setting cements are used this danger 
is, of course, not very great. But in other cases, and particularly in 
large arches, it must be guarded against. The angle of friction of 
brick against brick (or stone against stone) being generally assumed 
at 30®, care must be taken that the angle formed by the curve of 
pressui'o at the joint, with a normal to the joint (at the point of in- 
tersection K) docs not form an angle greater than 30®. If the angle 
be greater than 30° there is danger of sliding; if smaller, there is, of 
course, no danger. Thus, if in Fig. 114 we erect through K^ a nor- 
mal A'4 A' to the joint, the angle A' K^ i^ should not exceed 30®. 
DanKor of ^" areiies with heavy-concentrated loads at single 

shearing, points, there might, in rare cases, be danger of the 
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load shearing right through the arch. The resistance to shearing 
would) of course, be directly as the vertical area of cross-section of 
the arch, and in such cases this area must be made large enough to 
resist any tendency to shear. 

0«pth at Arches are frequently built shallower at the crown 

crown, and increasing gradually in depth towards the spring, 
the amount being regulated, of course, by the curve of pressure and 
Formulas (44) and (45). 

To establish the first experimental thickness at the crown of au 
arch, many engineers use the empyrical formula : 

x=y.^ (") 

Where x = the depth of arch, at crown, in inches. 
Where r = the radius at crown, in inches. 
Where y = a constant, as follows : 

For cut stone, in blocks : y = o,3 
For brickwork y = o,4 

For rubblework y = o,46 

When Portland cement is used, a somewhat lower value may be 
assumed for y. The depth thus established for crown is only exper^ 
mental, of course, and must be varied by calculation of curve of 
pressure, etc. 

Approximate ^^ cases where the architect does not feel the ne- 

rule. cessity for such a close calculation of the arch, it 
will be sufficient to find the curve of pressure. If this curve of 
pressure comes within the inner third of arch-ring, at every point, 
the arch is safe, provided the thrust on each joint, divided by the 
area of joint, does not exceed one-half oi the safe compressive stress 

of the material, or : 

p _ 1 / c \ (68) 

Where p = the thrust on joint, in pounds. 
Where a := the area of joint, in square inches. 

Where ( -^ j= the safe resistance to compression, per square inch,^ 

of the material. 

Vaulted and Vaulted and groined arches are calculated on the 
Groined Arches, game principles as ordinary arches and domes ; 
though, in groined arches, as a rule, the ribs do all Uie work, the 
spandrels between the ribs being filled with stone slabs or other light 
material ; in some European examples even flower-pots, plastered on 
the under side, have been used for this purpose. 
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The 

writer 
has so often been 
asked for more in- 
formation as to 
the meaning of 
the term Moment 
of Inertia that a 
few more words 
on this subject 
may not be out of 
place. 

All matter, if 
once set in mo- 
tion, will continue 
in motion unless 
— X. stopped by grav- 
' ^ ity, resistance of 
the atmosphere, 
friction or some other force ; similarly, matter, if once at rest, will 
80 remain unless started into motion by some external force. 
Formerly it was believed, however, that all matter had a certain re- 
pugnance to being moved, which had to bo first overcome, before 
a body could be moved. Probably in connection with some such 
theory the term arose. 

In reality matter is perfectly indifferent whether it be in motion 
or in a state of rest, and this indifference is termed "Inertia." As 
used to-day, however, the term Moment of Inertia is simply a symbol 
or name for a certain part of the formula by which is calculated the 
force necessary to move a body around a certain axis with a given 
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Telocity in a certain space of time ; or, what amounts to the same 
thing, the resistance necessary to stop a body so moving. 

In making the above calculation the '^ sum of the product of the 
weight of each particle of the body into the square of its distance 
from the axis " has to be taken into consideration, and is part of the 
formuki ; and, as this sum will, of course, vary as the size of the 
body varies, or as the location or direction of the axis varies, it 
would be difficult to express it so as to cover every case, and there- 
fore it is called the " Moment of Inertia." Hence the general law 
or formula given covers every case, as it contains the Element of 
Inertia, which varies, and has to be calculated for each case from the 
known size and weight of the bo<ly and the location and direction of 
the axis. 

In plane figures, which, of course, have no thickness or weight, the 
area of each particle is taken in place of its weight ; hence in all 
plane figures the Moment of Inertia is e(\ua\ to the ** sum of the prod- 
ucts of the area of each particle of the figure multiplied by the 
square of its distance from the axis." 

Qalouiation of Thus if we had a rectangular figure (110) (inches 
erffa."* ^ " wide and d inches deep revolving around an axis 
M-N, we would divide it into many thin slices of equal height, say 
n slices each of a height = 2. X. 

The distance of the centre of gravity of the first slice from the 
axis M-N will, of course be= J. 2. X. = 1. X 

The distance of the centre of gravity of the second slice will be = 
3.x, 

that of the third slice will be= 5. X, 
that of the fourth slice will be = 7. X, 
that of the last slice but one will bc= (2 n — 8). X. 
and that of the last slice will l>c = (2 n — 1). X 

The area of oach slice will, of course, be = 2. X. ( ; therefore the 
Moment of Inertia of the whole section around the axis ^I-N will 
be (see p. 8), 

1 = 2. X. /;. (1. X)2-f 2. X. h. (3. X)2-|- 2. X. L (5. X)2 + 

2. X. b. (7.X)- + ctc + 2. X. b. [(2rj — 3).XP 

-f.2. X. /A[(2;i— l).X]2or, 
i= 2.X.8^;. [124-32+53+ 72+ etc + (2n — 3)« 

now the larger n is, that is the thinner we make our slices, the 
nearer will the above approximate : 
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• = 2.X«.6. [i-.n*] 



= 8. X«.n«.-1 
Therefore, as : 2. X. n=(/ we hare, hy cubing, 

8. X'. n' = </* ; inserting this in abore, we haye : 

. (/«. h. b. rf« 
•= » or —-- 
8 3 

The same value as given for t in Table I, section No. 29. Of 
course it would be very tedious to calculate the Moment of Inertia in 
every case ; besides, unless the slices were assumed to be very thin, 
the result would be inaccurate; the writer has therefore given in 
Table I, the exact Moments of Inertia of every section likely to arise 
in practice. 

Moment of '^^ Moment of Inertia applies to the whole sec- 

Resistance. ^Jqjj^ ^q a Moment of Resistance," however, applies 
only to each individual fibre, and varies for each ; it being equal to 
the Moment of Inertia of the whole section divided by tlie distance 
of the fibre from the axis. 

Now to show the connec- 
tion of the Moments of In- 
ertia and Resistance with 
transverse strains, let us 
consider the effect of a 
weight on a beam (sup- 
ported at both ends). 

If we consider the beam 
as cut in two and hins:ed at 




Fig. 120. 



the point A (whoro the weight is applied), Fig. 1 20 ; further, if we 
consi<ler a piece of rubber nailed to the bottom of each side of the 
l)cam, it is eviilcnt that the 
effect of the wci'jrht will Ixi, 
as per Fi^. 121. 

Effect of load Examin- 

onbeam.jj^^ this 

closer we .find that the cor 
ners of the Ihwius above A 
(or their fil)ros) wifl crush 




(!) 



Fig. 121. 

each other, while those below A, are separated farther from each 
other, and the piece of rubber at H greatly stretched. It is eviJent, 
therefore, that the fibres nearest A experience the least change, and 
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tliat the amount of change of all the fibres is directly proportionate to 
their distance from A (as the length of all lines drawn parallel to the 
base of a triangle, are proportionate to their distance from the axis) ; 
farther, that the fibres at A experience no change whatever. Now, 
if instead of considering the effect of a load on a hinscd beam wo 



X-- 




-Y 



Fig. 122. 

took an nnbroken beam, the effect would be similar, but, instead of 
being concentrated at one point, it would be distributed along the 
entire beam; thus the beam A B D C (Fig. 122) which is not loaded, 
becomes when loaded, the slightly curved beam (A B D C) Fig. 123. 

It is evident 
^ that the fibres 

^ along the upper 
edge arc com- 
])resscd or A B 
is shorter than 
before; on the 
_ other hand the 

''•«• '23. fibres along CD 

are elongated, or in tension, and C D is longer than before ; if we 
now take any other layer of fibres as E F, they — being below the 
neutral (and central)^ axis X-Y — are evidently elongated; but not 
so much so, as C D : and a little thought will clearly show that their 
elongation is proportioned to the elongation of the fibres C D, dir- 
ectly as their respective distances from the neutral axis X-Y. It 
is further evident that the neutral axis X-Y is the same length as 
before, or its fibres are not strained ; it is, therefore, at this point 
that the strain changes from one of tension to one of compres- 
sion, 
la Fig. 12-4 we have an isometrical view of a loaded beam. 




1 As a rulo the neutral axis can be safely assumed to be central, but it is not 
necessarily so. In materials, such as cast-iron, stone, etc., where the re8ist.ince 
of the fibres to compression and tension varies greatly, the axis will be far from 
the centre, nearer the weaker fibres. 



184 



SAFE BUILDING. 




Rotation around ^^ ^^ °^^ consider an infinitesimally thin (cross) 

neutral axis, section of fibres A B C D in reference to their own 

neutral axis M-N. It is evident that if we wore to double the load 

on the beam, so as 
to bend it still more, 
that the fibres aloncr 
A B would be com- 
pressed towards or 
p^-^^ -^ ~- — ^^ would move towards 

the centre of the 
"«• ' 2*- beam ; the fibres a- 

long D C on the contrary would bo elongated or would xnjoioe away 
from the centre of the beam. 

The fibres along M-N, being neither stretched nor compressed, 
would remain stationary. 

The fibres between M-N and A B would all move towards the cen- 
tre of the beam, the amount of motion being proportionate to their 
distance from M-^NT ; the fibres between M-N and D C on the contrary 
would move away from the centre of the beam the amount of motion 
being proportionate to their distance from M-N ; a little thought, 
therefore, shows clearly that the section A B C D turns or rotates on 
its neutral axis M-N, whenever additional weight b imposed on the 
beam. 

This is why we consider in the calculations the moment of Inertia 
or the moment of resistance of a cross-section as rotating on its 
neutral axis. 

Now let us take the additional weight off the beam and it will 
spring back to its former shape, and, of course, the fibres of the in- 
finitosimally thin section A B C D will resume their normal shape ; 
that is, those that were compressed will stretch themselves again, 
while those that were stretched will compress themselves back to 

their former shape 
and position, and those 
along the neutral axis 
will remain constant ; 
or, in other words, 
this thin layer of fibres 
A B C D can be con- 
sidered as a double 
wedge - shaped figure 
Fig. 125. A B A. B. M N D C 
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D, C, (Fig. 125) the base of the wedges becoming larger or smaller 
as the weight on the beam is varied. 

Raslsuince of Now to proceed to the calculation of the resistance 
Wedse. of this wedge. It is evident that whatever may be 
the external strain on the beam at the section A B C D, the beam 
will owe wliatever resistance it has at that point to the resistances 
of the fibres of the section or wedge to compression and tension. 

Now considering the right-hand side of the beam as rigid, and the 
section A B C D as the point of fulcrum of the external forces, we 
have only one external force p, tending to turn the left-hand side of 
the beam upwards around the section A B C D, its total tendency, 
effect or moment m at A B C D, we know is m=p. x (law of the 
lever). 

Now to resist this we have the opposition of the fibres in the 
wedge A B A, B, M N to compression and the opposition to tension 
of the fibres in the wedge D C D, C, M N. For the sake of copven- 
ience, wo will still consider these wedges, as wedges but so infinites- 
imally thin that we can safely put down the amount of their con- 
tents as equal to the area of their sides, so that — if A B = 6 (the 
width of beam) and A D = </ (the depth of beam) — we can safely 

call each wedge as equal to 6. -— . 

Now as the centre of gravity of a wedge is at ^ of the height from 
its base, or J of the height from its apex (and as the height of each 

wedge is = — ) it would be = — . — = — from axis M - N. The 

moment of a wedge at any axis M-N is equal to the contents o{ the 
wedge multiplied by the distance of its centre of gravity from the 
axis, the whole multiplied by the stress of the fibres, (that is tlicir 
resistance to tension or compression). Now tlie contents of each 

wedge being = h. -^, the distance of centre of gravity from M-N = — » 

and the stress being 8ay=:«, we have for the resistance of each 
wedge 

2 8 

Now if the stress on the fibres along the extreme upper or lower 
edges = h (or the modulus of rupture), it is evident that the average 

•tress on the fibres in either wedsje will := — - , or « = -^ (for the 

2 ^ 
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stress on each fibre being directly proportionate to the distance from 
the neutral axis the stress on the average will be equal to half that 

on the base). Now inserting -— for 8 in the above formula, and 

multiplying also by 2, (as there are two wedges resisting), we have 
the total resistance to rupture or bending of the section A B C D 
(A. B. C. DO 

_b.d* k - 

6-T-' 

_h.d* . 

— r' * 

Now, by reference to Table I, section No. S, we. find that -^- = 

Moment of Resistance for the section A B C D ; therefore, we have 
proved the rule, that when the beam is at the point of rupture at any 
point of its length the bending moment at that point is equal to the 
moment of resistance of its cross-section at said point multiplied by 
the modulus of rupture. 

Where girders or beams are of wood, it becomes of the highest 
importance that they should be sound and perfectly dry. The for- 
mer that they may have sufficient strength, the latter that they may 
resist decay for the longest period possible. 

_ ^, , Every architect, therefore, should study thor- 
Formation of -^ ' ' ^ 

Wood, oughly the different kinds of timber in use in his 
locality, so as to be able to distinguish their different qualities. The 
strength of wood depends, as we know, on the resistance of its fibres 
to separation. It stands to reason that the young or newly formed 
parts of a tree will offer less resistance than the older or more thor- 
oughly set parts. The formation of wood in trees is in circular lay- 
ers, around the entire tree, just inside of the bark. As a rule one 
layer of wood is formed every year, and these layers are known, there- 
fore, as the " annular rings,*' which can be distinctly seen when the 
tiHiuk is sawed across. These rings arc formed by the (returning) 
sap, which, in the spring, flows upwards between the bark and wood, 
supplies the leaves, and returning in the fall is arrested in its altered 
state, between the bark and last annular ring of wood. Here it hard- 
ens, forming the new annular ring. As subsequent rings form 
around it, their tendency in hardening is to shrink or compress and 
harden still more the inner rings, which hardening (by compression) 
is also assisted by the shrinkage of the bark. In a sound tree, there- 
fore, the strongest wood is at the heart or centre of growth. The 
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hearty however, b rarely at the exact centre of the trunk, as the sap 
flows more freely on the side exposed to the effects of the sun and 
wmd ; and, of course, the rings on this side arc thicker, thus leaving 
the heart constantly, relatively, nearer to the unexposed side. 
Heart-Wood. From the above it will be readily seen that timber 

should bo selected from the region of the heart, or it should be what 
is known as " heart-wood." The outer layers should be rejected, as 
they are not only softer and weaker, but, being full of sap, are liable 
to rapid decay. To tell whether or no the timber is " heart-wood " 
one need but look at the end, and see whether it contains the centre 
of the rings. No bark should be allowed on timber, for not only has 
it no strength itself, but the more recent annular rings near it, are 
about as valueless. 

Medullary Rays. In some timbers, notably oak, distinct rays are 
noticed, crossing the annular rings and radiating from the centre. 
These are the "medullary rays," and are elements of weakness. 
Care should be taken that they do not cross the end of the timber 
horizontally, as shown at A in Fig. 126, but as near vertically as 
possible, see B in Fig. 127. The beautiful appearance of quartered 
oak and other woods is obtained by cutting the planks so that their 
surfaces will show slanting cuts through these medullary rays. 
SeaeonlriK -^^^ timber cracks more or less in seasoning;, nor 

cracks, need these cracks cause much worry, unless they are 
very deep and long. They are, to a certain extent, signs of the 
amount of seasoning the timber has had. They should be avoided, 
as much as possible, near the centre of the timber, if regularly 
loaded, or near the point of greatest bending moment, where the 
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Fig. 127. Fig. 1 28. 



Fig. 129. 



Fig. 130. Fig. 131 



loads are irregular. If timber without serious cracks cannot be ob- 
tained, allowance should be made for these, by increasing its size. 

Vertical, or nearly vertical cracks (as C, Fig. 128) are not objec- 
tionable, and do not weaken the timlx.*r. But horizontal cracks (as 
D, Fig. 129), are decidedly so, and should not be allowed. 
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Knots. Knots in timber are another element of weakness. 

They are the hearts, where branches grow out of the trunk. If they 
are of nearly the same color as the wood, and their rings gradually 
die out into it, they need not be seriously feared. If, however, they 
are very dark or black, they are sure to shrink and fall out in time, 
leaving, of course, a hole and weakness at that place. Dead knots, — 
that is, loose knots, — in a piece of timber, mean, as a rule, that the 
heart is decaying. Knots should be avoided at the centre of a beam, 
regularly loaded, and at the point of greatest bendin*:^ moment, where 
the loads are irregular. The farther the knots (and cracks) arc 
from these points the better. 

Wlnd-shakei. Timber with '* wind-shakes " should bo entirely 
avoided, as it has no strength. These are caused by the wind shak- 
ing tall trees, loosening the rings from each other, so that when the 
timber is sawed, the wood is full of small, almost separate pieces or 
splinters at these points. 

A timber with wind-shakes should be condemned as unsound. 

A timber with the rings at the end showing nearly vertical (£ 
Fig. ISO) will be much stronger than one showing them nearly hori- 
zontal. (F Fig. 131.) 

•Isns of sound '^^ ^^^^ soimd timber, Lord Bacon recommended 
Timber, iq speak through it to a friend from end to end. If 
the voice is distinctly heard at the other end it is . sound. If the 
voice comes abruptly or indistinctly it is knotty, imperfect at the 
heart, or decayed. More recent authorities recommend listening to 
the ticking of a watch at the other end, or the scratching of a pin 
on its surface. If, in sawing across a piece it makes a clean cut, it 
is neither too green nor decayed. The tame if the section looks 
bright and smells sweet. If the section is soft or splinters up badly 
it is decayed. If it wets the saw it is full of sap and green. If a 
blow on timber rings out clearly it is sound ; if it sounds soft, subdued, 
or dull, it is very green or else decayed. The color at freshly-sawed 
spots should be uniform throughout ; timbers of darker cross-section 
are generally stronger than those of lighter color (of the same kind 
of wood.) 

The annular rings should be perfectly regular. The closer they 
are, the stronger the wood. Their direction should be parallel to 
the axis throughout the k-nglli of the tnnber, or it will surely. twist 
in time, and is, besides, nuich weaker. Where the rings at both 
ends are not in the same direction the timber has either twisted in 
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growing, or has a "wandering iieart," — that is, a crooked one. 
Such timber should be condemned. Besides looking at the rings at 
the end, a longitudinal cut near the heart will show whether it has 
grown regularly and straight, or whether it has twisted or wandered. 
The weight of timber is important in judging its quality. If spec- 
imens of a wood are much heavier than the well-known weight of 
that wood, when seasoned, they may be condemned as green and full 
of sap. If they are much lighter than thoroughly seasoned speci- 
mens of the same wood, they are very probably decayed. 
Methods of Tredgold claims that timber is " seasoned " when 

Seasonlns. j|. j^^g j^gj one-fifth of its original weight (when 

green) ; and " dry " when it has lost one-third. Some timbers, how- 
ever, lose nearly one-half of their original weight in drying. Many 
methods are used to season or dry timber quickly. 

The best method, however, is to stack the timber on dry ground 
(in as dry an atmosphere as possible) and in such a position that the 
air can circulate, as freely as possible around each piece. Sheds are 
built over the timber to protect it from the sun, rain, and also from 
severe winds as far as possible. 

Timber dried slowly, in this manner, is the best It will crack 
somewhat, but not so much so as hastily dried timber. Many proc- 
esses are used to keep it from cracking, the most effective being to 
bore the timber from end to end, at the centre, where the loss of 
material does not weaken it much, while the hole greatly relieves the 
strain from shrinkage. Some authorities claim that two years' ex- 
posure is sufficient, though formerly timber was kept very much 
longer. But even two years is rarely granted with our modern con- 
ditions, and most of the seasoning is done after the timber is in the 
building. Hence its frequent decay. There are many artificial 
methods for drying timber, but they arc expensive. The best known 
is to place it in a kiln and force a rapid current of heated air past it^ 
this is known as " kiln-drying." It is very apt to badly " check " or 
crack the wood. To preserve timber, besides charring, the " crco- 
soting " process is most effective. The timber is placed in an iron 
chamber, from which the air is exhausted ; after which creosote is 
forced in under a high pressure, filling, of course, all the pores which 
have been forced open by the suction of the departing air. Creo- 
soted wood, however, cannot be used in dwellings, as the least appli- 
cation of warmed air to it, causes a strong odor, and would render 
the building untenantable. 
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Id shrinking, (lie ilistancc between rings rcuiaias 
"*'•■•• constant, and it is for tliia reason Owl the finest 
Roors are mode from quartered stuff ; for (besldca their greater 
beauty), the rings being all on cnil, no horizontal shrinkage will taico 
place ; the nidlh of 

t, and the Bbriabage 

being only in their tliick" 
; neither nill lim 

ber shrink on end or in 
"■■ "^* its length. Figures 132 
ud 133 show how timbcrwill shrink. The '^'" '"' 

first from a quartered log, iho other from one with parallel cuts. 
The dotted part shows the shrinkage. The side-pieces G in Fig. 133 
will curl, as shown, besides shrinking. By observing the directions 
of the annular ring?, tJiercfore, the futuru behatior of the timber can 
be readily predicted. Of course, the figures are greatly exaggerated 
to show the effect more clearly. 

Oaoar of U ^" heart is not strught its entire length, the 

Timber, piece will twist lengthwise. Shrinkage is a serious 
danger, but the ehicC danger in the use of timber lies in its decay. 
All timber will decay in time, but if it is properly dried, before be- 
ing built in, and all sap-wood discarded, and then so placed that no 
moisture can get to the timber, while fresh air has access to all parts 
of it, it will last for a very long time ; some woods even for many 
centuries. In proportion as wc neglect the above rules, will its life 
be sliorl-livcd. There are two kinds of decay, tcel and dry rot. The 
wet rot is caused by alternating exposures to dampness and dryness; 
or by exposure to moisture and heat ; the dry.rot, by confining tlie 
timber in an aiMigbt place. In wet rot there is " an excess of evap- 
oration ; " in dry rot there is an " imperfect evaporation." Beams 
with ends built solidly into watts are apt to rot; also iKams miv- 
rounded solidly witli fire-proof materials ; beams in damp, close, and 
imperfectly ventilated [cellars; sleepers bedded solidly in damp mor- 
tar or concrete, and covered with impervious papers or other mate- 
rials; also liml>crs ex])osi.'d only at intervals to water or dampness, or 
timlMira in " solid " timbered floors. 

Dry rot is like a conta^iious cii^ieasc, and will gradually not only 
eat up the entire limber, but ivill attai-k all adjoining sound wood- 
work. ^Vhere rotted woodwoik is removed, all adjoining woodwork, 
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masonry, etc., should be thoroughly scraped and washed with strong 
acids. 

Ventilation Where wood has, of necessity, to bo surrounded 

necessary, ^j^j^ fireproof materials, a system of pipes or other 
arrangements, should be made to force air to same through holes, 
either in the floors or ceilings, but in no case connecting two floors ; 
the holes can then be made small enou^^h not to allow the passage of 
fire. Where the air is forced in under pressure it would be advisa- 
ble at times to force in disinfectants, such as steam containing evap- 
orated carbolic acid, fumes of sulphur, etc. 

Coating woodwork with paint or other preparations will only rot 
the wood, unless it has been first thoroughly dried and every particle 
of sap removed. * 

Oross-brldglns. Timber must not be used too thin, or it will be apt 
to twist. For this reason floor-beams should not be used thinner 
than three inches. To avoid twisting and curling, cross-bridging is 
resorted to. That is, strips usually 2" X 3" are cut between the 
beams, from the bottom of one to the top of the next one, the ends 
being cut (in a mitre-box), so as to fit accurately against the sides of 
beams, and each end nailed with at least two strong nails. The strips 
are always placed in double courses, across the beams, the courses 
crossing each other like the letter x between each pair of beams. 

This is known as "herring-bone" cross-bridging. Care should 
be taken that all the parallel pieces in each course are in the same 
line or plane. The lines of cross-bridging can be placed as frequently 
as desired, for the more there are, the stilfcr will be the floor. About 
six feet between the lines is a good average. Sometimes solid blocks 
are used between the beams, in place of the herring-bone bridging. 
Cross-bridging is abo of great help to a floor by relieving an individ- 
ual beam from any great weight accidentally placed on it (such as 
one leg of a safe, or one end of a book-case), and distributing the 
weight to the adjoining beams. Unequal settlements of the individ- 
ual beams are thus avoided. Where a floor shows signs of weakness, 
or lacks stiffness, or where it is desirable to force old beams, that 
8t ffenlns cannot be well removed, to do more work, two lines 

weak floors- of slightly wedge-shaped blocks are driven tightly 
between the beams, in place of the cross-bridging. The beams are 
then bored, and an iron rod is run between the lines of wedges, from 
the outer beam at one end to the outer beam at the other, and, of 
course, at right angles to all. At one end the rod has a thread nn L 
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nut, and by screwing up the latter the beams arc all forced upwards, 
" cambered," and the entire floor arched. It will be found mnch 
stronger and stiffer ; but, of course, will need levelling for both floor 
and ceiling. Under the head and nut at ends of rod, there must be 
ample washers, or the sides of end beams will be crushed in, and the 
effect of the rod destroyed. 

Girders, which cannot bo stiffened sideways, should be, at least, 
half as thick as they are deep, to avoid lateral flexure. 
Pramins of ^° using wooden beams and girders, much fram- 

beams. ing has to bo resorted to. The used joints between 
timbers are numerous, but only a very few need special mention 
here. Beams should not rest on girders, if it can be avoided, on ac- 
count of the. additional dropping caused by the sum of the shrinkage 
of both, where one is over the other. If framing is too expensive, 
bolt a wide piece to the under side of the girder, sufficiently wider 
than the girder to allow the beams to rest on it, each side. If this 
is not practicable bolt pieces onto each side of the girder, at the bot- 
tom, and notch out the beams to rest against and over these pieces. 
The bearing of a beam should always bo as near its bottom as possible. 
If a beam is notched so as to bear near its centre, it will split longi- 
tudinally. AVhere a notch of more than one-third the height of 
beam, from the bottom, is necessary, a wrought-iron strap or belt 
should be secured around the end of beam, to keep it from splitting 
lengthwise. 

If framing can be used, the best method is the " tusk and tenon " 
joint, as shown in Figs. 134 and 135. In the one case the tenon goes 
through the girder and is secured by a wooden wedge on the other 

side; in the other it goes 
' in only about a length equal 
to twice its depth, and is 
spiked from the top of gir- 
der. The latter is the most 
'^' ' used. By both methods the 

girder is weakened but very little, the principal 
cut bcin;^ near its neutral axis, while the beam gets bearing near its 
bottom, and its tenon is thoroughly strengthened to prevent its shear- 
ing; off. The dimensions given in the figures are all in parts of the 
height of beams. Headers and trimmers at fire-places and other 
openinj^s are frequently framed together, though it would be more 
advisable to use " stirrup-irons." The short tail-beams, however, caa 
be safely tenoned into the header. 
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In calculating tlie strength of framed timber, the point where the 
mortise, etc., are cut, should be carefully calculated by itself, as the 
cutting frequently renders it dangerously weak, at this point, if not 
allowed for. For the same reason plumbers should not be allowed 
to cut timbers. As a rule, however, cuts near the wall are not dan- 
gerous, as the beam being of uniform size throughout, there is usu- 
ally an excess of strength near the wall. 

Stirrup-lronsi Stirrup-irons are made of wrought-iron ; they are 
secured to one timber in order to provide a resting-place for another 
timber, usually at right angles to and carried by the former. Tliey 
should always lap over the farther side 
of the carrying timber, to prevent slip- 
ping, as shown in Fig. 13G. 

The iron should be sufTicicntly wide 
not to crush the beam, where resting on 
it ; the section of iron must be sufficient 
not to shear off each side of beams. 
The twist must not bo too sudden, or 
it wiU straighten out and let the carried ^''* ' ^^' 

timber down. To put the above in formula we should have : 
for the width of stirrup-iron (x) 

8 

Width of ^— . / c\ r69) 

8tirrup-lron8. o,l-^\^ - ^ 

Where x= the width of stirrup-iron, in inches. 
Where «=the shearing strain, in lbs., on end of beam, being car- 
ried. 
Where 6= the width of beam being carried, in inches. 

Where (-^ j = the safe resistance, in pounds, to compression, 

across the fibres, of the beam, being carried. 
For the thickness of stirrup-iron wo should have : 

s 




-•(^) 



(70) 



/ 
Which for wrought>-iron (Table IV.) becomes, 

Thickness of v = * Cl\\ 

8tlrrup-iroii. ^ 16000. x 

Where y=-the thickness of stirrup-iron, in inches. 
Where « = the shearing strain on end of beam, in lbs. 
Where x = is found by formula (69). 
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Providing, however, that y should never be less than onenjuarter 
inch thick. 

Example. 

A girder carries the end of a beam, on which there is a uniform load 
of two thousand pounds. The beam is four inches thick^ and of 
Georgia pine. What size must the stirrup-iron bet 

Lxampia stir- ^^<^ shearing strain at each end of the beam will, 
rup-irons. of course, bo one thousand pounds, which will bo the 
load on stirrup-irons. (See Table VIIJ. From Table IV we find 
for Georgia pine, acrow the fibres, f-^j = 200, we have, therefore, 
for the width of stirrup-iron from Formula (69) 

*~" 4.200 * 
Therefore the thickness of iron from Formula (71) should be 

1000 _, 1 ;, 
^ IGOOO.li 20 
we must make the iron however at least ^" thick and therefore use a 
section of 1^ X i"- 

In calculating ordinary floor-beams the shearing strain can be 
overlooked, as a rule; for, in calculating transverse strength we 
allow only the safe stress on the fibres of the upper and lower edges, 
while the intermediate fibres are less and less strained, those at the 
neutral axis not at all. The reserve strength of these only partially 
used fibres will generally be found quite ample to take up the shear- 
ing strain. 

Rectangular ^^^ formulaB for transverse strength are quite 

beams, complicated, but for rectangular sections (wooden 
beams) they can be very much simplified provided we are calcu- 
lating for strength only and not taking deflection into account. 

Remembering that the moment of resistance of a rectangular sec- 

b.d'^ 
tion is (Table I) = ~r~ *'^nd inserting into Formula (18) the value 

for m according to the manner of loading and taken from (Table 

VII), WQ should have : 

For uniform load on beam. 

Transverse , »o • ^ \ 

strength of « — ?^ (-£-» ^72^ 

rectangu- "— OU'VT/ ^^ 

lar beams. ■^ 

For centre load on beam. 

b.d^ / k 
w 



18.L ' V7 



(t) ("> 
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For load at any point of beam. 

For uniform load on cantilever, 

h.d^ / k\ /.Rv 

For load concentrated at end of cantilecer. 
For load at any point of cantilever. 

Where u = safe uniform load, in pounds. 

Where t(7 = safe centre load on beam, in pounds; or safe load at 
end of cantilever, in pounds. 

Where «;,= safe concentrated load, in pounds, at any point. 

Where Y^ length, in feet, from wall to concentrated load (in can- 
tilever). 

Where ilf and iV= the respective lengths, in feet, from concen- 
trated load on beam to each support. 

Where L= the length, in feet, of span of beam, or length of canti- 
lever. 

Where b = the breadth of beam, in inches. 

Where d = the depth of beam, in inches. 

Wherej -^ j= the safe modulus of rupture, per square inch, of 

the material of beam or cantilever (see Table IV). 

The above formulas are for rectangular wooden beams supported 
against lateral flexure (or yielding sideways). Where beams or gir- 
ders are not supported sideways the thickness should be equal to at 
least half of the depth. 

No allowance ^^^ above formulae make no allowance for dejlec- 
for deflection, /ton, and except in cases, such as factories, etc., 

where strength only need be considered and not the danger of crack- 
ing plastering, or getting floors too uneven for machinery, are really 
of but little value. They are so easily understood that the simplest 
example will answer : 

Example, 
Take a 3" X 10" hemlock timber and 9 feet long {clear span)^ 
loaded in different ways, what will it safely carry f taking no account 
of deflection. 
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The safe modulus of rupture f _ ^ j for hemlock from Table IV is 

= 750 pounds. 
If both ends are supported and the load is uniformly distributed 
the beam will safely carry, (Formula 72) : 

w= TT-jT-' 700 = 2778 pounds. 
•/• t/ 

If both ends are supported an<l the load concentrated at the centre, 

the beam will safely carry, (Formula 73) : 

w = -1—-. . 750 = 1389 pounds. 

18.9 '■ 

If both ends are supported and the load is concentrated at a point 
I, distant four feet from one supj)ort (and five feet from the other) 
the beam will safely carry, (Formula 74) : 

w.= -^ '— , 750 = 1406 pounds. 

' 72.4.5 ^ 

If one end of the timber is built in and the other end free and the 

load uniformly distributed, the cantilever will safely carry, (Formula 

75): 

u = -^-— . 750 = 694 pounds. 

If one end is built in and the other end free, and the load concen- 
trated at the free end, the cantilever will safely carry, (Formula 76) : 

w = ' ' , . 750 = 347 pounds. 
72.9 '• 

If one end is built in and the other end free, and the load concen- 
trated at a point I, which is 5 feet from the built-in end, the canti- 
lever will safely carry, (Formula 77) : 

1^, = -::-^- . 750 = 625 pounds. 

Where, however, the span of the beam, in feet, greatly exceeds 
the depth in inches (see Table VIII), and regard must be had to de- 
llcction, the furnuilie (2H) and (29), also (37) to (42) should always 
be used, inserting for / its value from Table T, section No. 2, or; — 
. _ h.fl 8 
^~ 12 

Where 6 = the thickness of timber, in inches. 

Where d = the dej)th of timber, in inches. 

Where i = the moment of inertia of the cross-section, in inches. 

Table IX, however, gives a much easier method of calculating 
wooden beams, allowing for both rupture and deflection, and For- 
mula; (72) to (77) have only been given here, as they are often erro- 
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neously given in text-books, as the only calculations necessary for 
beams. 

Basis of Tables ^® ^^^^^ further simplify to the architect the labor 
XII and XIII. of calculating wooden beams or girders, the writer 
has constructed Tables XII and XIII. 

Table XII is calculated for floor beams of dwellings, offices* 
churches, etc., at 90 pounds per square foot, including weight of 
construction. The beams are supposed to be cross-bridged. 

Table XIII is for isolated girders, or lintels, uniformly loaded, 
and supjjorted sideways. AVhen not supported sideways decrease the 
load, or else use timber at least half as thick as it is deep. In no case 
will beams or girders (with the loads given) deflect sufliciently to 
crack ])lasterin<r. For convenience Table XII has been divided into 
two parts, the first part giving beams of from 5' 0" to 10' 0" span, 
the second part of from 15' 0" to 29' 0" span. 

How to use '^^^^ "*^ ^^ ^^^^ table is very simple and enables us 

Table XII. to select the most economical beam in each case. 
For instance, we have say a span of 21' C". We use the second part 
of Table XII. The vertical dotted line between 21' 0" and 22' 0" is, 
of course, our line for 21' 6". We pass our finger down this fine till 
we strike the curve. To the left opposite the point at which we 
struck the curve, we read : 

21. G spruce, W. P. 5G —4-14-14 or: 
at 21' C span we can use spruce or white-pine floor beams, of 56 
inches sectional area each, viz. : 4" thick, 11" deep and 14'' from cen- 
tres. Of course we can use any other beam helow this [>oint, as they 
are all stronger and stiffer, but we must not use any other beam 
above this point. Now then, is a 4" X 1 1" beam of spruce or white 
pine, and 14" from centres the most economical beam. "NV'e pass to 
the columns at the right of the curve and there read in the first 
column 48". This means that while the sectional area of the beam 
is 56 square inches, it is equal to only 48 square inches per square 
foot ofJlGor, as the beams are more than one foot from centres. In 
this column the areas are all reduced to the *' area per scpare foot of 
floor,*' so that we can see at a glance if there is any cheaiK*r beam 
below our [)oint. AV'e find below it, in fact, many cheaper beams, the 
smallest area (per S([uarc foot of floor) being, of course, the most 
economical. The smallest area we find is 3G, or 3G scpiare inches 
of section per scjuare foot of floor (this we find three times, in the 
sixteenth, twenty-ninth and thirty-first lines from the bottom). Pass- 
ing to the left we find they represent, resiKJctively, a Georgia pine 
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beam, 3" thick, IG" deej) and 16" from centres; or a Georgia pine 
beam 3" thick, 14" deep and 14" from centres; or a white oak beam 
3" thick, IG" deep and 16" from centres. If therefore, we do not 
consider depth, or distance from centres, it would simply be a ques- 
tion, which is cheaper, 48 inches (or four feet "board-measure") of 
white pine or spruce, or 36 inches (or three feet ** board-measure ") 
of either white oak or Georp;ia pine. The four other columns on 
the right-hand side, are for the same purpose, only the figures for 
each kind of wood are in a column by themselves ; so that, if we are 
limited to any kind of wood we can examine the figures for that 
wood by themselves. Take our last case and suppose we are 
litnited to the use of hemlock ; now from the point where our verti- 
cal line (21' 6") first struck the curve, we pass to the right-hand side 
of Table, to the second column, which is headed " Hemlock." From 
this point wc seek the smallest figure below this level, but in the same 
column; we find, that the first figure we strike, viz: 41, 2 is the 
smallest, so we use this ; passing along its level to the left wo find it 
represents a hemlock beam of 48 square inches cross-section, or S'' 
thick, 16" deep and 14" from centres. 

In case the size of the beam is known, its safe span can, of course, 
be found by reversing the above procedure, or if the depth of beam 
and span is settLd, we can find the necessary thickness and distance 
bctwe«n centres; in this way the Table, of course, covers every 
problem. 

Table XIII is calculated for wootlen girders of all sizes. Any 
thickness not given in the table can be obtained by taking the line 
for a girder of same depth, but one inch thick and multiplying by the 
thickness. For very short spans, look out for danger of horizontal 
shearing (see fornmla 13); where this danger exists, pass vertical 
bolts through ends of girder, or bolt thin iron plates, or straps, or 
even boards wi:h vertical grain, to each side of girder, at ends. 
How to use The use of this table is very simple. The vertical 

Table XIII. columns to the left give the safe uniform loads on 
girders (suiricicntly stiff not to crack plastering) for different woods: 
these apply to the dotted ])arts of curves. The columns on the right- 
hand side give the same, but apply to the parts of curves drawn in 
full lines. 

If we have a G" X 16" Georgia pine beam of 20 feet span and 
want to know what it will carry, we select the curve marked at its 
upper end 6 X 16 = 06; we follow this curve till it intersects the 
vertical line 20' 0"; as this is in the ])art of curve drawn full, we 
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pass horizontally to the right and find under the column marked 
" Georgia Pine," 7980, which is the safe, uniform load in pounds. Sup- 
posing, however, we had simply settled the span, say 8 feet, and load, 
say 7000 pounds, and wished to select the most economical girder, 
being, we will say, limited to the use^ of white pine : the span not 
being great we will expect to strike the dotted part of curve, and 
therefore select the fo.urth (white pine) column to the left, Wc pass 
down to the nearest figure to 7000 and then pass horizontally to the 
right till we meet the vertical 8 feet line ; this we find is, as wc ex- 
pected, at the dotted part, and therefore our selection of the left 
column was right. We follow the curve to its upper end and find it 
requires a girder 4" X 12" = 48 square inches. Now, can we use a 
cheaper girder ? of course, all the lines under and to the right of our 
curve are stronger, so that if either has a smaller sectional area, we 
will use it. The next curve we find is a 6" X 10" = 60" ; then 
comes a 4" X 14" = 56"; then an 8" X 10" = 80"; then a 0" X 
12"= 72" and so on ; as none has a smaller area we will stick to our 
4" X 12" girder, provided it is braced or supported sideways. If not, 
to avoid twisting or lateral flexure, wo must select the next cheapest 
section, where the thickness is at least equal to half the depth ; ^ the 
cheapest section beyond our curve that corresponds to this, we find 
is the 6" X 10" girder, which we should use if not braced sideways. 

In the smaller sections of girders where the difference between 
the loads given from line to line is proportionally great, a safe load 
should be assumed between the two, according to the proximity to 
either line at which the curve cuts the vertical. The point where 
the curve cuts the bottom horizontal line of each part is the length of 
span for which the safe load opposite the line is calculated. 
Heavier Floors. Where a different load than 90 pounds per square 
foot, must be provided for, we can either increase the thickness of 
beams as found in Table XII, or decrease their distance from cen- 
tres, either in proportion to the additional amount of load. Or, if 
we wish to be more economical, we can calculate the safe uniform 
load on each floor beam, and consider it as a separate girder, sup- 
ported sideways, using of course, Table XIII. 
Baals of Tables ^^^® Tables XIV and XV are very similar to the 

XIV and XV. foregoing, but calculated for wrought-iron I-beams. 
Table XIV gives the size of beams and distance from centres re- 
quired to carry different loads per square foot of floor, 150 pounds 

> The rule for oaloalating the exact thickness will be found later, Formula (78). 
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per square foot of floor (including the weight of construction), how- 
ever, being the usual load allowed for in churches, office-buildings, 
public halls, etc., where the space between beams is filled with arched 
brickwork, or straight hollow-brick arches, and then covered over 
with concrete, A careful estimate, however, should be made of 
the exact weight of construction per square foot, including the iron- 
work, and to this should be added 70 pounds per square foot, which 
is the greatest load likely ever to be produced if packed solidly with 
people. Furniture rarely weighs as much, though heavy safes should 
be provided for separately. The load on roofs should be 30 pounds 
additional to Uie weight of construction, to provide for the weight of 
snow or wind. Look out for tanks, etc., on roofs. Plastered ceil- 
ings hanging from roofs add about 10 pounds per square foot, and 
slate about Uie same. AVhere a different load than given in the 
Table must be provided for, the distance between centres of beams 
can be reduced, proportionally from the next greater load ; or the 
weight on each beam can be figured and the beam treated as a girder, 
supported sideways, in that case using Table XV. Both tables are 
calculated for the beams not to deflect sufficiently to crack plastering. 
How to use "^^^ "^ ®^ Table XIV is very simple. Supposing 

Table XIV. we have a span of 24 feet and a load of 150 pounds 
per square foot. We pass down the vertical line 24' 0" and strike 
first the 12" -96 pounds beam, which (for 150 pounds) is opposite 
(and three-quarter way between) 3' 0" and 3' 4" therefore 3' 3" from 
centres. The next beam is the 12"- 120 pounds beam 4' 0" from 
centres; thcu the 12"- 125 pounds beam 4' 1" from centres; then 
th»i 15"- 125 pounds beam 5' 0" from centres and so on. It is sim- 
ply a ([uestioii, therefore, which "distance from centres" is most de- 
pirahlo and as a rule in fireproof buildings it is desirable to keep 
tliLsi! as near alike as |)ossible, so as not to have too many different 
spans of beam arches and centres. If economy is the only question, 
we divide the weight of beam by its distance from centres, and the 
curve giving the Fmallest result is, of course, the cheapest. Sup- 
])osini;, however, that we desire all distances from centres alike, say 
5 feet. In that case we pass down the 150-pound column to and 
then along the horizontal line 5' 0" till we strike the vertical 
(span) line, in this case 24' 0", and then take the cheapest 
beam to tlie right of the point of intersection. Thus, in our 
case the nearest beam wouhl be 15"- 125 pounds; next comes 12J" 
-170 ])onn(ls; then I,')"- 150 |)Ounds, etc. As the nearest beam is 
the lightest in this case, we should select it. The weight of a beam 



USE OF STEEL. 203 

is always given per yard of length. The reason for this is that a 
square inch of wrought-iron, one yard long, weighs exactly 10 
pounds. Therefore if we know the weight per yard in pounds we 
divide it by ten to obtain the exact area of cross-section in square 
inches ; or if we know the area, we multiply by ten and obtain the 
exact weight per yard. 

How to use '^^^ ^^^ o^ Table XV, is very similar to that of 

Table XV. Table XIII, but that the safe uniform load is given 
(in the first column) in tons of 2000 pounds each. The continuation 
of the two 20" beams up to 42 feet span is given in the separate 
table, in the lower right-hand corner. To illustrate the Table : if we 
have a span of say 21 feet wc pass down its vertical line ; the first 
curve we strike is the 10J"-90 pounds beam, which is three-quarter 
space beyond the horizontal line 5 (tons); therefore a 10J"-90 
pounds beam at 21 feet span will carry safely 5} tons uniform load, 
and will not deflect sufficiently to crack plaster. (Each full horizontal 
space represents one ton). The next beam at 21 feet span is 
10J"-105 pounds, which will safely carry GJ tons. Then comes 
the 12" -96 pounds beam, which will safely carry 7 tons, and so 
on down to the 20" -272 pounds beam, which will safely carry 83} 
tons. 

If we know the span (say 17 feet) and uniform load (say 7^ tons) 
to be carried, wo pass down the span line 17' 0" and then horizon- 
tally along the load line 7^ till tliey meet, which in our case is at the 
9" -125 pounds beam; we can use this beam or any cheaper beam, 
whose curve is under it. We pass over the different curves under 
it, and find the cheapest to be the 1 2" - 96 pounds beam, which we, 
of course, use. 

Iron beams must be scraped clean of rust and be well painted. 
They should not be exposed to dampness, nor to salt air, or they will 
deteriorate and lose strength rapidly. 

8teel beams. Steel beams are coming into use quite largely. 

They are cheaper to manufacture than iron beams, as they arc made 
directly from the pig and practically in one process ; while with iron 
beams the ore is first converted into cast iron, then puddled into the 
muck-bar, re-heated, and then rolled. Steel beams, however, are not 
apt to be of uniform quality. Some may be even very brittle ; they are, 
however, very much stronger than iron (fully 25 per cent stronger), but 
as their deflection is only about 7, 3 per cent less than that of iron 
beams, there is but very little economy of material possible in their use. 
If steel beams are used they can be spaced one quarter distance (be- 
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tween centres) farther apart than given in Table XIY for iron beams ; 
or they will safely carry one quarter more load than given in Table 
XV ; but in no case, where full load is allowed, must the span in feet, 
(of steel beams), exceed twice the depth in inches. With full safe 
loads the deflection of steel beams will always be greater than that 
of iron beams (about ^ larger). AVhere, therefore, it is desirable not 
to have a greater deflection than with iron beams, add only 7^ per 
cent to the distances between centres or ** safe loads " as given in 
Tables for iron beams, instead of 25 per cent. 

Steel beams will undoubtedly supersede iron beams before many 
years have passed ; but in the present state of their manufacture 
their use is hardly to be recommended. Their strength and con- 
sistency is very variable. It has been found in some cases that steel 
beams broke suddenly when jarred, (that is, were very brittle,) 
though test pieces off the ends of these same beams gave very satis- 
factory results. If steel is used, not only should sampler of each 
piece be carefully tested, for tenacity, ductility, elasticity, elongation, 
etc., but the whole beam itself should be tested by actual loading. It 
will be readily seen that the expense of such tests would bar the use 
of steel, but no architect can afford to take any chances in such an 
important part of his building. 

Many writers even claim, that, " within the elastic limit," the addi- 
tional stiffness of steel over iron does not appear ; and that it is only 
beyond this limit that steel is somewhat stiffer than iron. 
Lateral Flexure ^^ using iron and steel beams it is very important 
In beams, that tliey be supported sideways, so as not to yield 
to lateral flexure. Where the beams are isolated and unsupported 
sideways, the safe load must be diminished. Just how much to di- 
minish this load is the cjuestion. The practice amongst iron workers 
is to consider the top flange as a column of the full length of the 
span, obliged to yield sideways, and with a load equal to the greatest 
strain on the flange. Modifying, therefore, Formula (3) to meet this 
view, we should have : 

Beams not to (78) 

braced ^•""^ , y. L'^ 

sideways. 1 -f- —jj- 

Where w^ = the safe load, in pounds, on a beam, girder, lintel or 
straight arch, etc., unsupported sideways. 

Where to-= the safe load, in pounds, on a beam, lintel or straight 
arch supported sideways. 
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Where L = the length of clear span, in feet, that beam, etc., is 
unsupported sideways. 

Where b = the least breadth in inches of top flange, or least 
thickness of beam, lintel or arch. 

Where y = a constant, as found in Table XVI. 

(In place of w we can use r = the moment of resistance of beam 
supported sideways, and in place of m7, we use r^ = the moment of 
resistance of beam not supported sideways.) 

The above practice, however, would seem to diminish the weight 
unnecessarily, particularly where the beam, girder, etc., is of uniform 
section throughout ; for while the beam in that case, would, be 
•equally strong at all points, it would be strained to the maximum 
compression only at the point of greatest bending-moment, the strain 
diminishing towards each support, where the compression would 

TABLE XVI. 

VALUE OF Y IN FORMULA (78). 



Material of beam, girder, lintel, 
straight arch, etc. 



Cast-iron.... 
Wrought-Iron . 

Steel 

Wood 

Stone , 

Brick 



Value of y for 
girders, beams, 
etc., of varia- 
ble cross-sec- 
tions. 



0,6184 
0,0432 
0,0346 
0,6702 
3,4560 
6,7024 



Value of y for beams, 

girders, lintels, 
straight arches, etc, 
of uniform cross-seo. 
tiou throughout. 

0J3O4 
0,0192 
0,0154 
0.2634 
1,6360 
2,6344 



cease entirely. To consider, therefore, the whole as a long column 
carrying a weight equal to this maximum compressive strain, seems 
unreasonable. Box has shown, however, that the maximum tendency 
to deflect laterally is when we consider the top flange (or top half in 
rectangular beams, lintels and straight arches) as a column ecjual to 
two thirds of the span (unsupported sideways) loaded with a weight 
equal to one-third of the greatest compressive strain at any point. 
This greatest compressive strain is always at the point of greatest 
bending moment (usually the centre of span), and is equal to the 

area of top flange, multiplied ^y (y)^' ^^n ca-se of plate girders the 

angle-irons and part of web between angle-irons should be included 
in the area. Box's theory is given in Formula (5) ; if then we take 



1 This is not quite correct. The greatest compressive strain Is really a little 
, as will be explained in Vol. LL 
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one-third of this ** maximum tendency to dedect " as safe, we should 
have the same Formula as (78) but with a smaller value for y. The 

Uso of writer would recommend using the larger value for 

Table XVI. y^ where, as in plate girders, trusses, etc., the section 
of top flange or chord is diminished, varying according to the com- 
pressive strain at each point; and usiug the smaller value for y, 
where the section of beam, girder or top chord is uniform throughout. 

Thus the 10^" - 90 pounds beam at 20 feet span wili safely carry 

(if supported sideways) a uniform load of 5,9 tons or 11800 pounds 

(see Table XV.) The width of flange being 4 J", and this width and 

its thickness, of course, being uniform throughout the entire length 

of beam, we use the smaller value for y (second column) and have 

for the actual safe uniform load, if the beam is not secured against 

lateral flexure : 

11800 ___ 11800 

"'•"" 1+0,0192. 202 14-0,379 

4J« 

= ?^2^ = 8557 pounds, or 4,28 tons. 
Had we used the larger value for y = 0,0482 we should have had 

which closely resembles the value (3,29) given in the Iron Com- 
panies' hand-books, but is an excessive reduction under the circum- 
stances. 

Doubled AVhere two or more beams are used to carry the 

Beams, same load, as girders for instance, or as lintels in a 
wall, they should be firmly bolted together, with ca>t-iron separa- 
tors between. In this case use for b in Formula (78) the total 
width, from outside to outside of all flanges, and including in b the 
spaces between. The separators are made to fit exactly between the 
inner sides of webs and top and bottom flanges. The separator is 
swelled out for the bolt to pass through. Sometimes there are two 
bolts to each separator, but it is better (weakening the beam less) to 
have but one at the centre of web. The size of separators and bolts 
vary, of course, to suit the different sizes of beams. They should be 
placed apart about as frequently as twenty times the width of flange 
of a single beam. Where beams are placed in a floor, the floor 
arches usually provide the side bracing. But in order to avoid un- 
Tle-rods. equal deflections, and possible cracks in the arches, 
^from unequal or moving loads or from vibrations) and also to take 
up tha thrujt on the end beams of each floor, it is necessary to place 



'Bnea of tio-rods acrosE thu 
rods can be cali.-ulateJ a 
Arthiia (p. 166); they are 
diameter. Kocli rod exCeoda trom (lie outside web of 
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itire line of btanis, Tho kIzc of tbeae 
already explained in llie Cliapter on 
lually made, liowever, from j" to j" 

to the outside web of the next beam. Tho next rod is a little 
to one cidu of it, so that thu rods do not really form one straight 
lino, but orei-y other rod falls in the same line. Care must be taken 
sot to get tlio rods too long, or there will have to be several washers 
under the head and nut, making a very unsightly job, to say the 
least. Contractors will do lliia, however, for the Bake of tho eon- 
venienee of ordering the rods ail of one or two lengths. Where, 
therefore, the beams are not spaced evenly the contractor should bo 
warned against this. One cnri of the rod has a " head " welded on, 
the other has a " screw-end," wbicli need not be " up-set ;" the nnt is 
icrewed along this end, thus forcing both nut and head to bear 
against the beams solidly. The distance between lines of tie-rods, 
would depend somewhat on our ealculation, if made; the usual prac- 
tice, however, is to place them opart a ilistance equal to about 
twenty times the width of flange of a single beam. 
Plltch-RlBt« Soiuclimes where wooden girders Lave heavier 

oifder. loads to earry than they are capable of doing, and 
yet iron girders cannot !» afforied, a sheet of plate-Iron is bolted be- 
tween two wooden girders, In this case care must be taken to so 
proportion the iron, that in taking its share of tho load, it will 
deflect equally with liie wooden girders, otherwise the bolts would 
aarely shear off, or eK«e cni'h and tear the wood. 

We consider tho two wooden girders as one girder and calculate 
(or read from Table XIII) their safe load, taking care not lo exceed 
0,03 inches of deflection per foot of spun. We then, from Table Til 
or Formula (37) to (41) obtain the exact amount of their deflection 
under this load. Wo now calculate the iron plate, for dcAeclion 
only, inserting the above aruounC of deflection, and for tho loa<l the 
balance to bo borne by the iron-work. An oxample will best illus- 
trate this : 

Example, 

A Flllch-plate girder iif id-foot span consists of lico Georgia pine 
ieanu each G" X IQ" <°<'A <> ^''^ef □/ plaie-iron IG" deep bolted between 
them. The girder carries a load o/ 13000 pounds at itt centre; of 
tchal thickneu should the plate be f The girder supports a plastered 
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ctr«nsthof From Table XFII we find that a Georgia pine 

wooden i>art. beam 6" X 16" of 20.foot span will safely carry 
without cracking plaster 7980 pounds uniform load, or 3990 pounds 
at its centre (See Case (C) Table VII,) so that the two wooden 
beams together carry 7980 pounds of the load, leaving a balance of 
6020 pounds for the iron plate to carry. The deflection of a 20-foot 
span Georgia pine beam 6" X 16" with 8990 pounds centre load will 
be, Formula (40) 

- 1 8990. 240« 
48 e. I. 

e for Georgia pine (Table IV) is = 1200000 and 

* = -jY (Table L section No. 2), or 

i -_5^*= 2048, therefore 

._Jl^ 8 990. 240* nir^ 
48 • 1200000. 20^8" ' 

sue of ^^® '^ow have a wrought-iron plate which must 

Iron Plate, carry 5020 pounds centre load, of a span of 20 feet, 

16" deep, and must deflect under this load only 0,47". 

Inserting these values in Formula (40) we have : 

^ , 1 •5020.240» 

0,47 = 75. r— 

* 48 e, I, 

From Table IV we have for wrought-iron 

tf = 27000000 

While for 1, we have (Table 1. Section No. 2) 
. b,d* 6. 1G« 

Inserting these values and transposing we have: 

5020. 240* 

48. 27000000. 341. 0,47""^'^^ 

Or the plate would have to be ^" X 16". Now to make sure 

that this deflection does not cause too great fibre strains in the iron, 

we can calculate these from Formulae (18) and (22). The bending 

moment at the centre will be (22) 

5020. 240 „,,„^^ 
m = :; = 301200 

4 

ITie moment of resistance will be (Table I. Section No. 2) 
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And from (18) 



m 



(7)= 



(7) 

801200 
14 



= r, or transposing and inserting values. 



= 21514 pounds. 



As the safe modulus of rupture of wrought-iron is only 12000 
pounds (Table IV) we must increase the thickness of our plate. 
Let us ci^ the plate j" X 16", we should then have 

k \ 801200 



(7)= 



26,67 



= 11266. 



So that the plate would be a trifle too strong. This would mean that 
both plate and beams would deflect less. The exact amount might 
be obtained by experimenting, allowing the beams to carry a little 
less and the plate a little more, until their deflections were the same, 
but such a calculation would have no practical value. Wo know 
that the deflection will be less than 0, 47" and further, that plaster- 
ing would not crack, unless the deflection exceeded { of an inch 
(Formula 28) as 

20.0,03 = 0, 6" 
8iM of Bolts. In regard to the bolts, the best position for them 
would, of course, be along the neutral axis, that is, at half the height 
of the beam. For here there would be no strain on them. But to 
place them with suflicient frequency along this line would tend to 
weaken it too much, encouraging the destruction of the beam from 
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Fig. 137. 



Fig. 138. 



longitudinal shearing along this line. For this reason the bolts are 
placed, alternating, above and below the line, forming two lines of 
bolts, as shown in Fig. (137). The end bolts are doubled as shown ; 
the horizontal distance, a-&, between two bolts should be about 
equal to the depth of the beam. If we place the bolts in our exam- 



210 SAFK BUJLDIXO. 

pie, say 3" above and 3" IkjIow the neutral axis, we can readily cal- 
culate the size recjuircd. Take a cross-section of the beam (Fig. 
138) showing one of the upper bolts. Now the fibre strains along 

the upper edge of tlie girder, we know are f -. j or 1 200 pounds per 

square inch, for the wood, and we just found the balance of the load 
coming on the iron would strain this on the extreme upper edge 
= 11256 pounds per square inch. As the centre line of the bolt is 
only 3" from tlie neutral axis or f of the distance from neutral axis U> 
the extreme upper fibres, the strains on the fibres along this line will 
be, of course, on the wooil | of 1200, or 450 pounds per square inch : 
and on the iron | of 11256 = 4221 pounds |)er square incli. Now, 
supposing the bolt to be 1" in diameter. It then presses on each 
side against a surface of woo<l = 1" X 6" or = six square inches. 
The fibre strain being 450 pounds per scjuare inch, the total pressure 
on the bolt from the wood, each side, is : 

6.450 = 2700 pounds. 
On the iron we have a surface of 1" X |" = | square inches. And 
as the fibre strain at the bolt is 4221, the total strain on the bolt 
from the iron is= |. 4221 = 2638 pounds. Or, our bolt virtually 
becomes a beam of wrought-iron, circular and of 1" diameter in 
cross-section, supjwrted at the points A and B, which arc 6|" apart, 
and loaded on its centre C with a weight of 2638 pounds. 
Therefore we have, at centre, bending-moment (Formula 22) 

2638.6^ 

m =z . — 5 = 4361). 

4 

From Table I, Section No. 7, we know that for a circular section, 
the moment of resistance is, 



■■=;;• (!)■=«.' 



Y^ .1^= :^. (4- ) =0,098 



Now for solid circular bolts, and which arc acted on reallv along: 
their whole length it is customary to take (~p) the safe modulus of 

rupture rather hi;^her than for beams. Where the bolts or pins 
have heads and nuts at their ends firmly holding together the parts 
aetiu'^ across them they are taken at 18000 pounds for steel and at 
l.')Ouu pounds for iron. We have therefore transposing (Formula 
IS) for the recjuired moment of resistance 

r = - - j:^ 0,21>1. Inserting this value for r in the 
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above we have for the radius of l)olt, 

j^-. r' = 0,201 and 



^= Vir <^'291 = ^0,3704 
= 0,718" 
Or the diameter of bolt should be 1,436" or say 1 7-16". But 1" will 
be quite ample, as wc must remember that the strains calculated will 
come only on the one bolt at the centre of span of beam ; and that, 
as the beam remains of same cross section its whole len<rth the 
extreme fibre strains decrease rapidly towards the supports, and 
therefore also the strains on the bolts. The end bolts are doubled 
however, to resist tiie starting there of a tendency to longitudinal 
shearing. AVe might further calculate tlie danger of the bolt crush- 
ing the iron plate at its bearing against it; or crushing the wood 
each side ; or the danger of the iron bolt being sheared off by the 
iron plate between the wooden beams; or the danger of the iron 
bolt shearing off the wood in front of it, that is tearing its way out 
through the wood ; but the strains are so small, that we can readilv 
see that none of these dangers exist. 

Keyed Qlrders. Another method of adding to the sum of the 
separate strengths of the ginlers is to place one under the other mak- 
ing a straight joint between the two parts and to drive in hard wood 
keys, as shown in Fig. 140. 

The keys can either be made a trifle thicker than the holes and 
the beams then firmly bolted together so as to take hold of keys 
securely; or, keys can be shaped in two wedged-shai)ed pieces to 

^ each key, and driven 
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into the hole from op- 
posite sides, after the 
beams are fi r m 1 y 
bolted. In the latter 
case, care must be 
taken that the joint 
Pjg. 139, between the opposite 

wedges is slanting or diagonal, and not horizontal or else, of course, 
the keys would be useless. Either method allows, for tightening up» 
after shrinkage has taken place. Iron bands are frequently used 
in place of bolts but they are more clumsy, less liable to all 
fit exactly, and besides do not allow for tightening up so easily 
as with bolts. Where beams are very wide, however, the 
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bands are very advantageous. Tredgold says the keys shonld 

bo twice as wide, as high ; and that the sum of all their 

heights should c(jual one and a third times the depth of girder. 

They can be easily calculated, however. As the main strain on tliem 

^ , ^ . is a horizontal shearinjj strain, and the stress or 

Horizontal ° ' * 

8^.«arins on resistance to shearing is greatest across the grain 
•^•y*- the keys should of course, be placed with their 

gi'ain running as nearly as possible vertically. Of course, as the 
greatest horizontal shearing exists near the supports, the end wedges 
should be the strongest ; it is customary, however, to make them all 
of the same size for convenience of execution. The amount of the 
horizontal shearing is found by Formula (13). 

Besides the horizontal shearinj^ strain there will also be a crushing: 
strain on the sides of wedges, which will be greatest, where the 
greatest fibre strains exist. This of course, is at the i)oint of the 
greatest bending moment on the beam. Let us consider the wedge 
Compression ^^ A-B Fig. (140) which has been drawn enlarged 
on Keys, in Fig. (139.) 

The lower half of the girder, being in tension, in trying to stretch 
its fibres meets with the resistance of the wedge along E F, therefore 
tends to crush or compress this surface. The amount of this com- 
pression, per S(juare inch, will be equal to the average fibre strain 
between E and F. Now the fibre strain at A can be readily found, by 
finding the '' bending moment" at A and dividing this by the moment 
of resistance of the girder (see Table I) and Formula (18). This 
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*nves the fibre strains at A. The averajrc fibre strain on E F will be 
to the strain at A as the distance of x from the neutral axis, is to the 
depth of half the beam; x being the centre of E F, or : 

Extreme fibre strain at A : average fibre strain on wedge =E A: 
E X. The amount of the couiprttssion on E F will of course equal 
the area of wedge at E F (that is E F multiplied by the breadth of 
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girder), and this area multiplied by the average fibre strain on K F. 
The greatei^t conipression on E F will of course Ih'. at F, and equal 
to twice the average fibre strain, as E F = 2. E x. 

In the same way, we find that the upper half of the girder, being 
in compression, is forcing its fibres towards the centre causing com- 
pression on the surfiu'e 1) C. The amount of this compression is 
found similarly as for that on E F, the only difference lieing in the 
difference in bending moments at B and A. The key therefore 
becomes virtually a cantilever, the built-in part being between E F 
and C, and the load applied on the free end C D, the lo:ul being a 
uniform one and equal to the amount of the compression on C D. 
Weakest Point ^^^^^ weakest jmint of the girder itself will l)e either 
of Girder, ^t the point of greatest bending moment, or at key 
nearest to it, where, of course the girder will not be of full section, 
being weakened in the part cut away for key. An example will 
more fullv illustrate all of the forejjoinj;. 

Example. 
A spruce girder (^Fuj. 140) of 'M)-/oot clear span is hnilt up of two 
girders 10" X ^'2" each, making the whole section 10" X 24". 
Georgia pine keys are used, each 0" X 12" (r/nr/, of course) 10" 
across girder; they are placed with grain vtrtically 3' 4" between 
centres and same distance from centre of last key to support. The 
girder helps support a plastered ceiling. What is the safe centre load 
on girder f 

Oaiculation of '^^^ girder is (d=:) 24" deej) and (L=) thirty 
Keyed girder, feet long ; now 1^. L would be 3.">, therefore d is less 
than IJ L, and from rule contained in Table VIII for spruce we 
must calculate for deflection, not rupture, in order to be safe. 
Formula (40) gives the rule for deflection of a centre load on a 
girder or beam. It is : 

8 1 w l^ 
= - . - ^—r- or transposing, 

w = -^.^ where w would be the safe centre load, in 
/** 

pounds. Now in order not to crack j)lastering, we have from For- 
mula (28) 

8 =: Z. 0,03 or 

8 = 30. 0,03 
= 0,9. 
From Table IV we have for spruce : 
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e = 850000 

From Table I, Section No. 1 7, we have for the 
weakest section of the girder, which would be 
through a key, and as shown in Fig. 141, 



1= ^.(r/8 — (/,8) 
12 ^ '^ 



*y-. 



_ 12 . (24« — 68) = 1 1340, therefore 

Fii. 141. inserting these values in the transposed Formula(40) 
0,0. 48.8.'50000. 11340 



w 



3()U3 



= 8925 
Or the safe centre load, not to crack plastering, would be, say 9000 
pounds. 

End Keys. Now let us try the keys. AVe first take the great- 

est horizontal shearing, which will be at the end keys. 

The vertical shearing at these keys will be e(jual to the reaction 
(see Table Vll, or Formula 11.) 

As the load is central, each reaction will, of course, be one-half 
the load, or 4500 pounds, therefore the vertical shearing strain at 
end key, will be (a little less than) 

X = 4500 
Now from Formula (13) we know that the horizontal shearing strain 
at the same point is : 



3 



a 



For the area we take the full area of cross-section or « = 10.24 = 240, 
therefore horizontal slicarinjx strain : 

3. 4r>0<) , . , rr., 

^^ ^ ■ = 2'^,l'2') pounds per square inch. The 

amount of this strain that will act on each key is, of course, trpial to the 
area at the neutral axis from centre to centre of key, or 40. 10 = 400 
Sfjuarc inches multij)lied l»y the strain ])er square inch, or 

400. 28,125 = 11250 pounds. 
To resist this we have a key 12" X 1*^" = 120 S(piare inches, being 
sheared across the grain. From Table IV we know that the safe 
shearing stress of (Jeorgia pine across the grain or fibres, is : 

( '. j=:5 70 pounds so that the key could safely stand an 

amount of horizontal shearing 

= 570. 1 20 = G8400 pounds 
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or more than six times the a(>tual strain. Had wc, however, placed 
the grain of the key horizontal, the shearing would he with the grain 
or along the fibres; the safe shearing stress this way for GtK)rgia 
pine (Table IV) is only 50 pounds per square inch, so that the key 
would only have resisted 

= 50.120 = 6000 pounds, or it would have been in 
serious danger of splitting in two. 

Central Keys. Now take the Key A B immediately to the right 

of the weight. The bending-momont at A will be (Table VII) 

m^= 4500.1 CG = 747000 
and at B 

mB= 4500.154 =: 693000 
Now at A and B, the girder biung uncut, the moment of resistance 
will be (Table I, Section No. 2) 

10.242 

r = -, = 060 

b 

Dividing the Injuding moment by the moment of resistance (Formula 

18 transposed) gives the extreme fibre strains, 

747000 
at A = uTrrr- = t 78 pounds. 

,, 693000 
and at J> = —,..--= 722 pounds. 

Now the centres (x and y, see Fig. 139) of each side of key will be 
1}" from neutral axi?, the extreme fibres being, of course, 12" distant 
from neutral axis, therefore average strain on side of key at A. (Or 

x. Fig. 139) = jij. 77H= 97 pounds, 

and at B (or y, Fig. 139) = i? . 722 = 90 i)ounds. 

The extreme compression, will, of course, be on the lower edge of 

key, at A and will be = 2.97 = 194 pounds |)er square inch. 

From Table IV we find that Georgia pine will safely stand a 

j)re»sure of 200 ]>ounds ])er Sijuare inch, across the fibres, so that we 

are just a little inside of the safety mark. We now have to consider 

our key as a cantilever with cross-section 10" wide and 12" deep, 

projecting 3" beyond the supiwrt and loaded uniformly with a 

weight equal to 90 ])ounds per scjuare inch, or 

u = 90.3.10 = 2700 {Hmnd?. 

Now the bending moment at support is, (Formula 25.) 

2700.3 
m = — ,. — = 4050 ])Ounds. 
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Tlie moiiifiit of rt* sistance (Table T, Section 2) is 

10.122 

Therefore (Formula 18) the extreme fibre strains on key 

711 4 ()'}() 
~ V = 240 ~ ^ ^ pounds. 

Or not enough to be even considered seriously. 

Notched Another methoil of combining and strengthening 

girders, wooden girders, is to cut them with saw-shaped 

notches, as shown in (Fig. 142) and fit the teeth closely together, 

firmly bolting the two jiarts together, so as to force them to act 




Fig. 142. 

together as one girder. Sometimes the top surface slants towards 
ejich end, and iron bands are driven on towards the centre, till ihey 
are tight. But bolts are more reliable, and not likely to slip ; where 
the gifiler is broad, they should be doubled, that is, placed in pairs 
across the width of girder. The <listance bt^tween l>olts should not 
exceed twice the depth of girder. Great care must be taken to get 
the right side up.^ Many text-books even being careless in this 
matter. It must be remembered that the upjKT fibres are in com- 
])rcssion, crowding towards the centre, while the lower ones, in ten- 
sion, :ire pressing away. 

The ginliT must then-fore be placed, as shown, so that the two 
gets of fibn*s will meet at the i^hort joints and o[)pose each other. 
The trirdrr is ea'>ilv caleulated similarlv to tlui former example. The 
crushing on C D or A B can be fountl, and also the stress on their 
extreme edges; this must not exceed the safe stress of the material 
for compression along the fil)res. Then I) H or C A must have 
area sufficient to resist the horizontal shearing strain. 
3lxe of ^^^ '^^^ these ginlers the most carefid fitting of 

Bearings, joints is necessary; then, too, the ends must have 
sufficient bearing not to crush under the load. Thus, take the former 
examj»le, the re:icti<»n was 4r)0() pounds; the safe resistance of spruce 
to crushing across the fibres is (Table IV) := 75 j>ounds. 

We ni'ed therefore an area = ^52^^60 scpiare inches, and a^ 
the girder is 1«>" broad it should bear on each support ^j} = 6 

^ The reasons for plaoiug the notcliod girder in the positicm shown in Figure 
142 li.ive hi'fu fully stated by nie in a letter published May 10, 1890, in the 
AmtricuH Arrhittrt, Vol. XXVIIl, Xo. 750. 
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inches. The end of girder should l>e deep enough to resist vertical 
shearing. In our case it is trifling, and we need not consider it. In 
all of these examples we have omitted the weight of the girder, to 
avoid complication. This should really he taken into account, in 
such a long girder, and treated as an additional hut uniform load. 
Continuous AVhen girders run over three or more sui)i)orts in 

Qlrders* one piece, that is, are not cut apart or jointed over 
the supports, the existing strains and reactions of ordinary girders, 
are very much altered. These are known as " continuous girders." 
If we have (Fig. 1-13) three supports, and run a continuous girder 
over them in one piece and load the girder on each side it will act as 




Fig. 143. 

shown in Fig. 143 ; if the girder is cut it will a<«t as shown in Fig. 
144. Very little thought will show that the fihres at A not Iwing 
able to separate in the first case, though they want to, must cause 
considerable tension in the upper fibres at A. This tension, of 
course, takes up or counterbalances part of the compression existing 
there, and the result is that the first or continuous girder (Fig. 143) 
is considerably stronger, that is, it is less strained and considerably 
stiffer, than the sectional or jointed girder (Fig. 144). Again we 




can readily see that the great tension and conflict of the opposite 
stresses at A would tend to cause more pressure on the central post 
in Fig. 143, than on the central post in Fig. 144, and this, in fact, 
is the case. 
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Where w, Wt, Wu = central concentrated loads in poands, on either span, being 
equal, when so stated. 
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u, Hi, «ii = uniform loads on each 9pan, in ftounds, all being equal. 
P* r,ff,9, = the amount of respective reactions, In pounds. 
m=rtbe bending moment, in pounds-inch. 
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In Tabic XVI T, pages 218 and 219, are given the various formulas 
for reactions, greatest bending moments and deflections, for the most 
usual cases of continuous girders. The architect can, if he wishes, 
neglect to allow for the additional strength and stiffness of continu- 
ous girders, as both are on the safe side. But he must never over- 
Variation of ^^^^ ^^^^ ^'*^^ '^^^ '^^ central reactions are much 
Reactions! greater ^ or in other wonls, that the end supports 
carry lesSy and the central supports carry more, than when the girders 
are cut. 

Bending moments can be figured, at any desired point along a 
continuous girder, as usual, subtracting from the sum of the reactions 
on one side multiplied by their respective distances from the point, 
the sum of all the weights on the same side, multiplied by their re- 
spective distances from the point. Sometimes the result will be 
negative, which means a reversal of the usual stresses and strains. 
Otherwise the rules and formulae hold good, the same as for other 
girders or beams. Table XVII gives all necessary information at 
a glance. 

Strength is frequently added to a girder or beam by trussing it, as 
shown in Table XVIII, pages 220 and 221. One or two struts 
are placed against the lower edge of a beam and a rod passed 
over them and secured to each end of the beam ; by stretching this 
rod the beam becomes the compression chord of a truss and also a 
Trussed continuous girder running over one or two supports. 

Beams. There must therefore be enough material in the beam 
to stan<l the compression, and in addition to this enough to stand the 
transverse strains on the continuous girder. If the loads are concen- 
trated immediately over the braces, there will be no transverse strain 
whatever, but the braces will be compressed the full amount of the 
respective loads on each. In the case of uniform loads, transverse 
strains cannot be avoide<l, of course, but where loads are concen- 
8truts placed Crated the struts should always be placed immed- 

under load. lately under them. Even where loads are placed 

very unevenly, it is Ix'tter to have the panels of the truss irregular, 

thus avoidinir cross or transverse strains. This same rule holds gjood 

in designing trusses of any kind. 

M^^^..«.w Table XVIII shows verv clearlv the amount and 

Necessary • 

Conditions, kind of strains in eaeh part of trussed beams. Where 
there are two struts anil they are of any length care must be taken 
by diagonal braces or otherwise, to keep the lower ends of braces 
from tipping towards each other. Theoretically they cannot tip, but 
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practically, sometimes, thoy do. Care must be taken that the beam 
is braced sideways, or else it must be figured for its safety against 
lateral flexure (Formula 5.) Then it must have material enough not 
to shear off at supjxjrts, nor to crush its under side where lying on 
support. The ends of rods must have sufficient lx*aring not to crush 
the wood. Iron thoes are sometimes used, but if very large are apt 
to rot the wood. In that case it is well to have a few small holes in 
the shoes, to allow ventilation to end of timber. If iron straps and 
bolts arc used at the end, care must be taken that the strap does not 
tear apart at bolt holes ; that it does not crush itself against bolts ; 
that it does not shear off the bolts, and that it does not crush in the 
end of timber. Care must also be taken to have enough bolts, ro that 
they do not crush the wood before them, and to keep the bolts from 
shearing out, that is tearing out the woo<l before them. In all truss* 
Importance ^^ *^^ trussed works the joints must be carefully 
of Joints, designed to cover all these points. Many architects 
give tremendous sizes for timbers and rods in trusses, thus adding 
unnecessary weight, but when it comes to the joint, they overlook it, 
and then are surpriFcd when the truths gives out. The next time 
they add more timber and more iron, till they learn the lesson. It 
must be remembered that the strength of a truss is only e(|ual to the 
strength of its weakest part, he that part a memlx^r or only a j)art of 
a joint. This subject will be fully dealt with in the chapter on 

Trusses. 

Q^^l, The deeper the truss is made, that is, the further 

Desirable, we separate the top and bottom chords, the stronger 
will it be ; besides additional depth adds very much to the stiffness 
of a truss. 

Deflection ''^^^ trussed beams, and all trusses should be " cam- 

of Girders bered uj)," that is, built up above their natural lines 
and Beams, sufficiently to allow for settling back into their cor- 
rect lines, when loaded. The amount of the camber should erjual the 
calculated deflection. For all beams, girders, etc., of uniform cross- 
section throughout, the deflection can be calculated from Formulae 
(37) to (42) according to the manner of loading. For wrought-iron 
beams and plate-girders of uniform cross-section throughout, the de- 
flection can be calculated from the same formula; ; where, however, 
the load is uniform and it is desired to simplify the calculation, the 
deflection can be (juite closely calculated from the following Formula: 

Uniform Cross- ^ L^ ..„. 

section and O = ^ — ( < 9) 

Load. '^'*i 
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AVhere 8 =" the greatest deflection at centre, in inches, of a 
wrought-iron beam or plate girder of uniform cross-section through- 
out, and carrying its total safe uniform load, calculated for rupture 
only. 

m 

Where L = the length of span, in feet. 

Where d ^ the total depth of beam or girder in inches. 

If beam or plate girder is of steel, use G4^ instead of 75. 

If the load is not uniform, change the result, as provided in cases 

(1) to (8), Table VII. 

For a centre load we should use 93 J in place of 75 or 

Uniform Cross- 5^ L^ ^o^v 

section, Centre ^ ^^ \,a a \^^) 

Load. ♦^*^4- ^ 

Where values are the same, as for Formula (79) except that beam 
or girder carries its total safe centre load, calculated for rupture only. 

If beam or girder is of steel use 80§ instead of 93J. 

Therefore not to crack plastering and yet to carry their full safe 
loads, wrought-iron beams or plate girders should never exceed in 
length (measured in feet) twice and a quarter times the depth 
(measured in inches), if the load is uniform, or 
8afe length, 

uniform Cross- 2\.d = L (81) 

section and *^ ^ / 

Load. 

Where L = the ultimate length of span (not to crack plastering), 
in feet, of a wrought-iron beam or plate girder, of uniform cross- 
section throughout and uniformly loaded with its total safe load. 

Where d = the total depth of beam or girder in inches. 

If beam or girder is of steel, use 2 instead of 2^. 

If the load is central the length in feet should not exceed 2^ times 
the dej>th in inches, or 

8afe length, 

uniform Cross- o * ^ r /qon 

section. Centre ^ I- ^ — ^- KP^) 

Load. 

Where L = the ultimate length of span in feet (not to crack 
plastering), of a wrought-iron beam or plate girder, of uniform cross- 
section throughout, and loaded at its centre with its total safe load. 

Where d= the total depth of beam or girder in inches. 

If beam or girder is of steel use 2 J instead of 2 J. 

Deepest beam One thing should always be remembered, when 

economical. u^i"g i^'on beams, and that is, that the deepest beam 

is always not only the stiffest, but the most economical. For instance, 

if we find it necessary to use a 10^" beam — 105 pounds per yard, 
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it will be cheaper to use instead the 12" beam — 96 pounds per yard. 
The latter beam not only weighs 9 }>ounds per yard less, but it will 
carry more, and deflect less, owing to its extra two inches of depth. 
This same rule holds good for nearly all sections. 
Deflection '^^ obtain the deflections of trussed beams or 

of Trusses, girders by the rules already given would be very 
complicated. For these cases, however. Box gives an approximate 
rule, which answers every purpose. He calculates the amount of 
extension in the tension (usually the lower) chord, and the 
amount of contraction in the compression (usually the upper) 
chord, due to the strains in each, and from these, obtains the de- 
flections. Of course the average strain in each chord must be taken 
and not the greatest strain at any one point in either. In a truss, 
where each part is proportioned in size to resist exactly the com- 
pressive or tensional strain on the part, every part will, of course, be 

strained ahke ; the strain in the compressive member being ^ (^ - ,. j 

per square inch, throughout the whole length, and in the tension 

member = (— , j per square inch, throughout the whole length. 

The same holds good practically for plate girders, where the top 
and bottom flanges are diminished towards the ends, in proportion to 
the bending moment. But where, as in wrought-iron beams (and in 
many trusses), the flanges are made, for the sake of convenience, of 
uniform cross-section throughout their entire length, the " average " 
strain will, of course, be much less, and consequently the beam or 
girder stiffer. 

Average 8train ^^ ^® construct the graphical representation of the 
in Chords, bending moments at each {loint of beam (as will be 
explained in the next Chapter) and divide the area of this figure in 
inch-pounds by the length of span in inches, we will obtain the 
average strain in either flange, provided the flange is of uniform 
cross-section throughout, or 

Uniform Cross- ,, ^ /qqn 

section. t _ -^ \pii) 

Where i; = the average strain, in pounds, on top or bottom flange 
or chord, where beam or girder is of uniform cross-section through- 
out. 

Where / = the length of span, in inches. 

A\ here a = the area in pounds-inch of the graphical figure 
giving the bending moment at all points of beam. 
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To obtain the dimensions of this figure measure its base line (or 
horizontal measurement) in inches, and its height (or vertical meas 
urement) in pounds, assuming the greatest vertical measurement as 

= r — T ) or =: J — r j, in jounds, according to which flange we are ex- 
amining. 

Thus, in the case of a uniform load, this figure would be a parabola, 
with a base of length equal to the span measured in inches, and a 
height equal to the greatest fibre strains in pounds ; the averao:e 
strain therefore in the compression member of a beam, girder or 
truss, of uniform cross-section throughout would be, — (remembering 
that the area of a parabola is equal to two-thirds of the product of 
its height into its base). 



..(f) 



Uniform load % / \ r 

and Cross- j, __ a ^j ■ or 

section. / 

'=1(7) <"' 

Where v = the average strain, in pounds, in compression flange 
or chord of a beam, girder or truss of uniform cross-section through- 
out and carrying its total safe uniform load. 

Where f — , j = the safe resistance to compression per square inch 

of the material. 

It is suppose<l, of course, thjvt at the point of greatest bending 
moment — or where the greatest compression strain exists — that 

the part is designed to resist or exert a stress = ^ — J per square 
inch. If the greatest compression stress is less, insert its value in 
place of ( A ). Of course, it must never be greater than i -y j. 

Similarly we should have 

Uniform Load 

and Cross- *' — -.y* I f 

section. ^ ^ J 

Whore y = the average strain, in pounds, in tension flange or 

chord of a beam, ginlor or truss of uniform cross-section throughout, 

and carrying its total safe uniform load. 

Where ( — r j = the safe resistance to tension, per s(juare inch, of 

the material. 

It being understoo<l that at the point of greatest bending moment 
— or where the greatest tension strain exists — that the part is de- 



an'd Cross"" ^'^a* (y) (^^) 
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signed to resist or exert a stress = f — r ) per stjuare inch. If this 
greatest tonsional stress is less than (— r ) insert itsvahicin its i)lace 

in Formula (85). Of course, it must never Ikj greater than ( ^ )• 

For a beam, girder or truss with a load concentrated at the cen* 
tre, but with flanges or chords of uniform cross-section throughout, 
the average strain would be just one-half that at the centre ; for, the 
bending-momcnt graphical-figure will be a triangle, and inserting the 
values in Formula (83) would give for the compression member ; 

Centre Load 
Uniform ^ \ f 

Oross-Sectlon. ^ / 

and for the tension member : 



UnVforrn ^~^'(t) ^^^^ 



'=K^) 



(87) 

The meaning of letters being the same as in Formulae (84) and 
(85), but the total safe load being concentrateti at the centre instead 
of uniformly distributed. 

To obtain the amount of contraction or expansion due to this 

average strain, use the following Formula : 

■xpanslonor t*. / .^^v 

Oontractron ^ \^^) 

from8traln. ^ 

\\Tiere v = the average strain, in pounds per square inch, in eith- 
er chord or flange. 

Where / = the length of span, in inches. 

Where e =: the modulus of elasticity of the material, in poun<ls- 
inch. 

Where ar=the total amount of extension or contraction, in inches, 
of the chord or flanjje. 

Now let us apply the above rules to beams, plate girders, and 
trussed beams. Taking the case of a beam or plate girder or truss 
witli parallel flanges or chords. 

Figure 145 shows the ^ C k 

same, after the deflection Si^^^ 
has taken place. We can / ^'*^*"^ 
now assume approximate- it ^^^^^^ 
ly, that C A is equal to one- ^^^'^^^ 

half the difference between 
the contraction oiG C and 
the elongation of // TJ, or, what amounts to the same thing, that C A 



Fig. 145. 
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is equal to ono-lialf llie sum of tlic contraction of the one and the 
elongation of the other. 

Further, we can assume that approximately, A B-^=d or the depth 

of beam, and C />= - or one half the span. 

The curve C JC C will ap])roximate a i)aral)ola, so that if we draw 

a tanj'ent C F to the same at C. we know that D E = E F= 

o 2 

or J) i'':= 2. J) E, But as DE represents the detlection ( 8 ) of 

the beam, we have 

1) F= 2. 8 

Now as C F is normal to C 7>, and C D normal to A B, we know 
that angles J) C F = A H C; {\\vX\\cVj as both triangles are right 
angle triangles, we know that they are similar, therefore: 
1) F'. C A,\D C: yt'/i, or 

2. 8 : (' A .-.J. : d or 
2 

C 1 1 
cs_ l__CA.J 

^~ 2.77 ~ 4. tl. 

If now wc assume the sum of the extension and contraction of the 
two flanges or chords to be = x, 

"We have C A ^= — or 

'-> 

Deflection of Par- o x I 

allei Flanges 0=z^-j (^89) 

orChords, any 8.// ^ ^ 
Cross-section. 

Where 8 = the (lcflccti(m, in inches, of a beam, plate girder or 
truss, with ])arallcl llanges or chords. 

AVhcro jr = the sum of the amount of extension in tension chord, 
plus the amount of contraction in compression chord. 

AVhcre / = the lonixth of span, in inches. 

Where r/=:the total depth of beam, girder or truss in inches. 

Take the case of a wrought-iron plate girder or beam of uniform 
cross-section throu<rhout carrvin;; its full uniform load, we should 
have the strain at the centre on the extreme fibres= 12000 |>ounds 
per s(piare inch. Now the average strain on both upper and lower 
flanges would ]>c, I'ormula? (84) and (8.'>). 
v=z^. 1 2000 = 8U00 j)ounds 
per s(|uare inch. Therefore amount of contraction in upper flange 
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Formula (88), (and rcmeiiiberinjx that, from Table IV, e = 27000000) 
__ 8000. / _ _/ 
^~" 27000000" 3375 

The elongation of the bottom fiange would be an equal amount, 
therefore the sum of the two 

x, = 2.x=AL 
3375 



1687,5 
Inserting these values in Formula (89) we have the deflection 

8^ l^ ^ /2__ 

8.1G87,5.(/ 13500. </ 

and inserting for /-=144. Z^, we have 

13500. (/. 

5)3 J. d. 
Had we assumed that the area of flanges or chords diminished to- 
wards the suj)ix)rt8 in projiOrtion to the bending moment or actual 
stresses required, the average strain would, of course, be 12000 
pounds per scjuare inch throughout the entire length, no matter liow 
the load might be applied. 

Inserting this value in Formula (88) we should have had, for the 
amount of contraction of top flange 
_ 12')00 ./ _ __/ _ 
^~ 27 »00000 "" 2250 
The same for the extension of bottom chord, or 

ar IT- o ±. = _i_ 
*" 2250 ~" 1125 

Inserting this in Formula (89) we have for the detlection : 

8.1125.^/ 9000. c/ 
Inserting 144 Z* = /2 ^^ have 
8 144. £3 
9000. d 

Parallel flanges 

or Chords. Di" o j % (^(\\ 

minished Cross- = _^f v*'^'; 

section, any G2A. d 

loads. ^ 

Where 8 = the greatest deflection, in inches, of a wrouglit-iron 
plate girder, or wrought-iron truss, with parallel flanges or chords, 
and where the areas of flanges or chords are gradually diniinij<lie<l 



230 



SAFE BUILDING. 



L. 0,03 



or 



towards supports, and no matter how the load is applied; in no'])art 
however must the stresses, jKjr square inch exceed respectively either 

(7)"(7> 

A\ here L ^ the length of span, in feet. 

Where f/= the total depth (height) in inches, fh^m top of top 
flanjre or chord to bottom of bottom flanjje or chord. 

If girder or truss is of steel, use 53§ instead of 62J. 

From Formula (00) and Formula (28) we get the rule that (no mat- 
ter how the load is ai)plied) if we want to carry the full safe load 
and not have deflection enough to crack plastering the length in feet 
must not exceed 1 J times the total depth in inches. 
For : 

X = G2^.0,03.rf 
= 1,875. c/ or say 

8afe Length, Di- 
minished Cross- 
section, any L = ll,(l . (91) 
Load, Parallel ^ v / 
Flanges or 
Chords. 

Where L = the length, in feet, of a wrought-iron plate girder or 
wrought-iron truss, with parallel flanges or chords and with area of 
flanges or chords diminishing gradually towards supports and no 
matter how tlie load is applied; in no part however must the stresses, 

per square inch, exceed resju'ctively either (—. j or (^ —v j. 

Wliere (/ = the total depth (height), in inches, from top of top 
flange or chord to ])ott()m ot bottom flange or chord. 

If girder or truss is of steel, use 1? instead of \\. 

AVe see thereRrt-e that a beam of diminishing cross-section through- 
out is only a])0ut ?, as stiff, as one with uniform cross-section, as its 
amount of (b-lleetion will be 
one-half more than that of the 
latter. IJotli dellections are 
ai)proxiuiut<' oiilv, however, 
as we see bv eoiiipariiisx the 
amount for the uniform cross- 
section to that ol)taiued from 
FoniMila (7!>). The dellection 
for varviiiireross-seet ions how- Fig. 146. 




SAFE LENGTH. 281 

ever can be assumed as nearlv enough correct, as these are never 
diminished so much practically as we have assumed in theory. Now 
taking the case of a trussed beam. 

Deflection ^" Figure 14G, let A Bhc one half of a trussed 

Trussed Beam, beam, let jB r7 be the strut and A C the tie. We 
will consider the load concentrated at B, Now the first effect is to 
shorten A B hy compression, let us say to D B, 

Then, of course, A D will represent one half of the contraction in 
the whole beam A (7. Now the end of rod A moving to D will, of 
course, let the point C down to E, if we make D E = A C, 

But there will be an elongation In D E besides, due to the tension 
in it, which will let it down still further, say to 7^, if D F=A C -\- 
elongation in A C, of course the point B yr'iW move down too, but we 
can overlook this to avoid complication. We now have C F repre- 
senting the amount of the deflection. To this should be added the 
amount of contraction oi B C due to the compression in it. We can 
readily find C F, 

Wo know that 



=v^ 



Now D F wc know is ^ ^ C plus the elongation of yl C due to the 
tension in it, which we can find from Formula (88). From same for- 
mula we find the amount of contraction in A G of which yl D is one- 
half, subtracting this from A B or — leaves, of course, D B. 

Now having found B F vre substract from it B C, the length of 
which is known, and the balance is of course the deflection C F; to 
this we add the contraction oi B C and obtain the total deflection of 
the whole trussed beam. 

If the load had been a uniform load, instead of a concentrated one 
over the strut, there would be a deflection in that part of A G which 
would be acting as a continuous girder. But this deflection would 
take place between B and G and between B and A and would not af- 
fect the deflection of the whole trussed beam. 

An example will make much of the foregoing more clear. 

Example. 

Trussed Beam. A trussed Georgia Pine beam is 16" deep and of 
2A feet dear span; it bears IG" on each support and is trussed as 
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shown in Figure 147. T^e 

»> ftcam carries a uniformly 

; distributed load of 40800 

^ pounds on the whole span 

r including weight of beam 

anil trussing. Of what size 

should the parts be f 



We draw the longitudinal neutral axes of each part, namely A By 
B C and A C. The latter is so drawn that the neutral axis of the 
reaction, which is of course half way between end of girder and E 
(or 8" from E) will also pass through A. 

In desi^nincr trusses this should always be borne in mind, that so 
far ^s possible all the neutral axes at each joint should go through 

the same point. 

* . The beam A F virtually becomes a continuous 

Crosa-stralns , '' . . . , w/ 1 

In Beams. girder, of two e<jual spans of 12 feet or 144' each, 

uniformly loaded with 20400 pounds each, and supi^rted at three 
points A, B and F. From table XVII we know that the greatest 
bending moment is at B and 
_ u. l_ 20400.144 

~~'8 8 



= 307200 pounds-inch. 



The modulus of rupture for Georgia pine (Table IV) is 
/i^.^ = 1200, therefore moment of resistance (r) from Formula (18) 

and Table I, section Xo. 2, 

^,.^/2=lS3G 
Xow we know that dz=lG, or //2_- 25G, therefore 

lz=^^'^^! _ 7 2 or say we need a beam 71" x 16" for the 
•J5G "^ 



3G7200 
or 

1 20U 
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transverse strain. Wc must add to this howjvcr for the additional 
compression due to the trussing. 

Oomprasslon ^^® amount of the load carried by strut C B, see 

in Strut. Table XVII, is 

'=.\,u from each side, or 

= 25500 on the strut B C, of which 

= 12750 from each side. 
If now we make at any scale a vertical line 6 c == half the load 
OomDresslon carried at point B or = 12750 in our case, and 
In Beam. draw h a horizontally and a c parallel to A C, we 
find the strain in B -4 by measuring b a = (32300 pounds) or in -1 C 
by measuring a c = (34638 pounds) both measured at same s(fale 
SLsb c. We find, further, in passing around the triangle c b a c — 
(c b being the direction of the reaction at A), that & a is pushing to- 
wards A J therefore compression ; and that a c is pulling away from 
i4, therefore tension. Using the usual signs of-|-^or compression, 
and — for tension, we have then : 

ABz=~{- 32300 pounds. 

yl C = — 84638 pounds. 

B C= 4- 25500 pounds. 
Had we used Table XYIII we should have had the same result 
for: 

Compression mAB= trrrr. ^-p, = -[- 32300 pounds and 

Tension in A C= -1-J — -. :^--— = — 34638 pounds. 

Now the safe resistance of Georgia pine to compression along fibres 
(Table IV) is 

f — J j = 750 pounds. 

li A B were very long, or the beam very shallow or very thin, we 
should still further reduce (—, j by using Formulae (3), or (5). But 

we can readily see that the beam will not bend much by vertical 

flexure due to compression, nor will it deflect laterally very much, so 

we can safely allow the maximum safe stress per square inch, or 750 

pounds, that is, consider A B fi short column. 

The necessary area to resist the compression. Formula (2) is : 

32300 = a. 750 or 

32300 ,o -1 

a=-„j. - = 43 stjuare inches. 
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As the beam is 16" deep, this would mean an additional thickness 

Adding this to the 7^" already found to be necessary, we have 

or the beam would need to bo, say 10" x 16". 

8lieof 8trut. Now the size oi B C must be made sufficient not 

to crush in the soft underside of the beam at B, The bearinff here 
would be across the fibres of the beam, and we find (Table IV) that 
the safe compressive stress of Georgia pine across the fibres is 

( --r ) = 200 pounds. We need therefore an area 

a = = 1 28 inches. 

200 

As the beam is only 10" wide the strut B C will have to measure, 

128 

^— = 12| inches the other way, or we will say it could be 10" x 12". 

This strut itself might be made of softer wood than Georgia pine, say 
of spruce ; the average compression on it is 

=212 pounds per square mch. 

Now spruce will stand a compression on end (Table IV) of 

(~, J = 650 or, even if spruce is used, the actual strain would be less 

than one-third of the safe stress. At the foot of the strut JB C we 
put an iron jjlate, to prevent the rod from crushing in the wood. 
The rod itself must Viear on the plate at least 

Iron Shoe to ^--:_ = 2,1 square inches, or it would crush the 

Strut. 12UO0 ^ 

iron — (12000 i)oun(ls l>eing the safe resistance of wrought-iron to 

crushing). 

Size of Tie- rod. The safe tensional stress of wro :ght-iron being 

1'2000 pounds per s(iu:ire ineli (Table IV), we have the necessary 

area for tie-rod A C from Formula (6) 

34638 = rz. I'iUOO or 

34')oS rt oo/' • t 

rt= - zrr: 2,880 square inches. 

1 2000 ^ 

From a table of areas we find that we should require a rod of 
1 \'*" diameter, or sav a 2" rod. 

The area of a 2" rod l)ein;jj=: 3,14 square inches the actual ten- 
sionjil stress, per square inch on the rod, will be only 

*' " =: 11312 pounds per square inch, 
u, 14 
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•lie Of Washer. We roust now proportion the bearing of the wash- 
er at *^A** end of tie-rod. The amount of the crusliing coming on 
washer will be whichever of the two strains at -4, (viz. B A and 
A C) is the lesser, or 2J ^4 in our case, which is 82300 pounds. We 
must therefore have area enough to the washer not to crush the end 
of beam (or along its fibres), the safe resistance of which we already 

found to be: f _jr= 750 pounds per square inch; we need there- 
fore 

32300 .o • u 

= 43 square inches. 

The washer therefore should be about 
ey by 6i" 

Upset Screw- ^^ ®"^ ®^ ^^^^ ^^ ^"'^ ^*^® *° " upset " screw- 

end, end ; that is, the threads are raised above the end of 

rod all around , so that the area at the bottom of sinkage, between 
two adjoining threads, is still equal to the full area of rod. If the 
end is not " upset " the whole rod will have to be made enough larger 
to allow for the cutting of the screw at the end, which would be a 
wilful extravagance. 

It is unnecessary to calculate the size of nuts, heads, threads, etc., 
as, if these are made the regulation sizes, they are more than amply 
Central Swivel. strong. It should be remarked hero that in all 
trussed beams, if there is not a central swivel, for tightening the rod, 
that there should be a nut at each end of the ro<l ; and not a head at 
one end and a nut at the other. Otherwise in tightening the rod 
from one side only it is apt to tip the strut or crush it into the beam 
on side being tightened. We must still however calculate the verti- 
cal shearing across the beam at the supports, which we know equals 
the reaction, or 20400 pounds at each end. To resist this we have 
10" X 1G"=160 square inches, less 3" x IG", cut out to allow rod 
end to pass, or say 112 square inches net, of Georgia pine, across the 

grain; and as T-^ j = 570 pounds per square inch (see Table IV); 

the safe vertical shearing stress at each support would be (Formula 7) 
112.570 = 63840 jKJunds or more than three times the 
Bearlnsof actual strain. Then, too, we should see that the 

Beam, bearing of beam is not crushed. It bears on each re- 
action 16 inches, or has a bearing area= 16.10 = 160 square inches. 
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T-^ j for Georgia pine, across the fibres, Table IV, is 

f-^ J = 200, therefore the beam will bear safely at each 

end 

160.200 = S 2000 pounds or about one-half more than the 
reaction. There will be no horizontal shearing, of course, except in 
that part of beam under transverse strain, and this certainly cannot 
amount to much. The beam is therefore amply safe. 

Deflection ^^^ ^^^ ^^ calculate the deflection. The modulus 

of Beam, of elasticity for Georgia pine. Table IV is : 
e= 1200000 pounds-inch. The average compression strain in ^ i^ 
was 750 pounds per square inch, therefore the amount of contraction 
(Formula 88)i 

750.304 ^-o' 1 
X = ,^^^^^^ = 0|19 inches. 
1200000 ' 

Now A D (in Fig. 146) will be one-half of this, or 0,095 inches. 

The amount of elongation in ^ C will be, remembering that we 
found the average stress to be only 11312 pounds per square inch, 
and that for wrought-iron e = 27000000 (Formula 88) 

^^11312.163^ 
27000000 ' 

The exact length oi A C (Fig. 147 should be 168,41 not 163"). 
Therefore D F (Fig. 140) will be 

D F=z 163,41 -f- 0,0682 = 163,4782" 
i>J5 = 152 — 0,19 
= 151", 81 

Therefore (Fig. 146) 

n 

-S^=V 163,47822 — 151,81* 

= 60", 655 

Now B C (Fig. 147) would be = 60", deducting this from the above 
we should have a deflection = 0", 655. 

To this we must add the contraction of B C, The strut will bo 
less than 60" long, say about 50". The average compressive stress 
per square inch we found = 212 pounds. The modulus of elasticity 

^ III reality tbo contraction of A F would be much less, as the part figured for 
trausverse strain only would very materially help to resist the compression, one- 
half of it being in tension. 
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for Spruce, Table IV, is e = 850000, therefore contraction in strut 
(Formula 88) 

850000 ' 
Adding this to the above we should have the total deflection 
8 = 0,655 + 0,0125 
= 0,6675 

This would be the amount we should have to ** camber '* up the 
I cam, or say }". 
The safe deflection not to crack plastering, would be (Formula 28) 
8 = Z. 0,03 
= 24.0,08 
= 0,72 

So that our trussed beam is amply stiff. 
■xplanatlon of Table XIX gives all the necessary data in regard 
to XXV. to the use of Tables XX, XXI, XXII, XXIII, 

XXIV and XXV. These tables give all the necessary information 
hi regard to all architectural sections which are rolled. Where, after 
the name of the company rolling the section there are several letters, 
it means that practically the same section is rolled by several com- 
I-sectlons not panies. It should be remarked that except in the 

economical. ^^^^ q£ ^j^g simplest kind of beam work, it is cheaper 
to frame up plate girders, or trusses, of angles, tees, etc., as there is 
a strong pool in the rolling of I-beams and channel sections, which 
keeps the price of these tivo sections unreasonably high, in pro- 
portion to other rolled sections. Steel beams and sections are sold 
as cheap as iron, (they are really cheaper to manufacture), and 
where their uniformity can be relied on, should be used in prefer- 
ence, as they are much stronger and also a trifle stiffer. As a rule, 
however, the uniformity of steel in beams and other rolled sections 
cannot be relied on. 

One example of an iron beam will make the application of the 
Tables to transverse strains clear, and help to review the subject, be- 
fore taking up the graphical method of calculating transverse strains. 

Example, 

Use of Tables ^ wrought-iron I-heam of 25'foot clear span, car^ 

XIX to XXV. ^^ Q uniform load of 500 pounds per foot including 
weight of beam; also a concentrated load of 10(^0 pounds \0 feet from 
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the right hand support. The beam is not supported sideways. What size 
beam should he used? 

The total uniform load u = 500.25 := 12500 pounds of which one- 
half or G250 pounds will go to each reaction ; of the 1000 pounds load 

180 

-— or f will go to the nearer support q (Formula 15), therefore 

7 = 6250 -f- f . 1 000 = 6850 
Similarly we should have (Formula 14) 

p = 6250 4- j. 1000 = 6650 
As a check the sum of the two loads should = 13500, and we haye, 
in effect : 

6850 + 6650=13500 
To find the point of greatest bending moment begin at q pass to load 
1000, and we will have passed over ten feet of uniform load or 5000 
pounds, add to this the 1000 pounds making 6000 pounds, and wo still 
arc 850 pounds short of the reaction, we pass on therefore towards/) 
one foot, which leaves 350 pounds more, and pass on another ^ of 
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Fig. 148. 

afoot (to A) which very closely makes the amount. The point of 
greatest bending moment therefore is at A, say 1' 8" to the left of 
the weij^ht, or 140" from q: As a check begin at p and we must 
puss along IGO'' or 13' 4" of uniform load before reaching the point 
A J at 500 pounds a foot this would make 13^.500. = 6666 or close 
enough to amount of reaction;) for all ])ractical purposes. 

The uniform load per inch will be--;- =41f pounds. 

Now the bending moment at A will be, taking the right-hand side 
(Formula 24) 

inj^ =G8;')0.110—41§. 140.70— 1000.20 
= 530 G(i7 j)oun(ls-ineli. 
As a check take the K'fi-hand side (Formula 23) 
Wi^ = GG50.1C0 — 41J.1C0.80 
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:= 530614 pounds-inch, or near enough alike for all 
practical purposes. 
Now the safe modulus of rupture for wrought-iron (Table IV) is 

(-rrj = 12000 pounds, therefore the required moment of resistance 

r from Formula (18) 

530667 ,, « 

'=-12000 ='''''^ 

Looking at the Table XX we find the nearest moment of resistance 

to be 46,8 or we should use the 12" — 120 pounds per yard I-beam. 

But the beam is unsupported sideways. The width of top flange is 

ft = 6 J". We now use Formula (78) to find out how much extra 
strength we require. 

Reduction for In inserting value for y, we use tiie second column 
iro?'*' '***" of Table XVI, as the beam is, of course, of uniform 
cross-section throughout, and have 
y = 0,0192. 
In place of w we can insert the actual valne r of the beam, and see 
what proportion of it is left to resist the transverse strength, after 
the lateral flexure is attended to, 

r r 

°^*''~rT o,Ol92'25» 1 + 0,3966 ^^ 

"^ 5p 

4.6 8 
r,= * =38,6 or the beam would not be strong 

enough. The next size would be the 12^" — 125 pounds per yard 
beam, but as the 15" — 125 pounds per yard beam would cost no 
more and be much stronger we will try that. Its width of flange is 
6 = 5" and moment of resistance r = 57,93. Inserting these values 
in (Formula 78) and using r in place of to we have 

67,93 57,93 , 



n = 



J ,0,01 92.252 ~" 1^43 



52 

= 39,14 
The required moment of resistance was 

r=44,2 so that this is still short of the mark, and we 
should have to use the next section or the 15" — 150 pounds per yard 
beam. The moment of resistance of this beam is r = 69,8 its width 
of flange the same as before, therefore : 
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Or tbifl beam would be a trifle too strong even if unsupported side- 
ways. We need not botber witb deflection, for tbe lengtb of beam is 
only 1] times tbe span, and besides not even ) of tbe actual 
transverse strengtb of tbe beam is required to resist tbe vertical 
strains, and, of course, tbe deflection would be diminisbed accordingly* 
8afe Uniform ^^® column in Table XX beaded <' Transverse 
Load. Value," gives tbe safe uniform load, in pounds, if 
divided by the span in feet, for beams supported sideways. Of 
course tbe result sbould correspond witb Table XV, except that the 
uniform load will be expressed in pounds here, while it is expressed 
in tons of 2000 pounds each in that table. For Tables XXI, XXII, 
XXin, XXIV and XXV tbe use of tbe " Transverse Value " is 
similar, and as more fully explained in Table XIX. 
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Gbaphigal Analysis of Tuansvbbsb Strains. 
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Fig. 149. 



LL the (lif- 
erent cal- 
culations 
to ascertain the 
amounts of 
bending-mo- 
mcnts, the re- 
quired moments 
of resistance 
and inertia, the 
amounts of i*e- 
actions, vertical 
shearing on 
.beam, deflec- 
tions, etc., can 
be done graph- 
ically, as well 
as arithmetical- 
ly. In cases of 
complicated 
loads, or where 
it is desired to 
economize bv 

• 

reducing size 



of flanges, the graphical method is to be preferred, but in cases of 
uniform loads, or where there are but one or two concentrated loads, 
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the arithmetical method will probably save time. As a check, how- 
ever, in important calculations, both methods might be used to advan 
tage. 

Basis of Ora- ^^ ^^ have three concentrated loads to, U7„ and u^., 

phical Mttthod. ^^^ ^ i^^^ ^ jy (pj^^ 149^^ ^3 represcnJted by the 

arrows, we can also represent the reactions p and q by arrows in op- 
posite directions, and we know that the loads and reactions all 
counterbalance each other. The equilibrium of these forces will not 
be disturbed if we add at 2? a force = -}- y, providing that at F we 
add an equal force, in the same line, but in opposite direction or = 

We have now at JBJ two forces, -\- y and p. If we draw at any scale 
a triangle aox (or I) where a parallel and =/), and where o x paral- 
lel and = -|-y, we get a force a: a, which would just counterbalance 
them, or a x, which would be their resultant. That is, a force G E 
thrusting against E with an amount ax (or x,) and parallel ax would 
have the same effect on E as the two forces -|- y and/). Continuing 
x,till it intersects the vertical neutral axis through load to at G, we 
obtain the resultant x, of the two forces acting at G, namely x, and ?o 
(see triangle & a X or II). Similarly we get resultant x, at //, of load 
to,andxs, (see triangle c6x or III); also resultant X| at I of loadu*,, 
and X, (see triangle dcxov FV) ; and finally resultant -j- y, at jP of re- 
action of q and X4 (see triangle odxorY). As this resultant is -|- y it 
must, of course, be resisted by a force — y that the whole may remain 
in equilibrium. By comparing the triangles I, II, III, FV and V, wc 
see that they might all have been drawn in one figure (Fig. 150) for 
q -[-/; = tL\^ -\- w^ -f- to, therefore : 

further botli V and IV contain c/x = X4 
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We know further that the 
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The distance xy of pole x from load line da boin;^ arbitrary, and 
the position of pole x the same. The li;j;ure E G 11 1 F E (Fig 149) 
has many valuable qualities. If at any point K of beam we draw a 

vertical line KLM, then L M will represent (as 
^ compared with the other vortical lines) the pro- 
portionate amount of bending moment at A. 
If we measure LM'm parts of the length of 
c AD and measure xy (the distance of pole, Fig. 
y 150) in units of the load line da, then will the 
^ product of LM and xy represent the actua) 
bending moment at K, That is, if we measure 
LM in inches and — (having laid out dc, chy 
Fig. 150. etc., in pounds) — measure xy in pounds, the 

bending moment at K will be = x y, L M (in 
pounds-inch.) Similarly at w the landing moment would be 

= x y. N G (in pounds-inch.) 
and at w, it would be == x y. R II " " ** 
and at w„ it would be=x y* S I " ** ** 
measuring, in all cases, x y in pounds and N Gy R H and 5 / in 
inches. 

Avaraga Strain The area of E G II I F E, divided by the length 
FIbras.'*'"* ^^ ^P*^ ^^ inches will give the average strain for the 
entire length on extreme top or bottom fibres of beam, providing the 
beam is of uniform cross-section throughout. The area should bo 
figured by measuring all horizontal dimensions in inches, and all 
vertical dimensions in parts of the longest vertical (R II in our case)^ 

this longest vertical being considered = (— r ) for top, or ( --r) for 

bottom fibres, or where these aro practically equal = ( — ). 

The greatest bending moment on the beam will occur at the point 

where the longest vertical can be drawn through the figure. From 
this fijnire can also be found the shearing strains and deflection of 
beam, as we shall see later. 

Distanca of ^f now instead of selecting arbitrarily the distance 

^o*®* xy of the pole from load line d a (Fig. 150) we liad 

made tills distance ec^ual the safe modulus of rupture of the material, 

or X y= (—1 j — measuring x y in pounds at same scale as the load 
line </ a — it stands to reason that any vertical through the Figure 
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E G Iff Fn (Fig. 143) measured in inclicp, will represent ibe r«- 
(juired moment of rcsislance, for if LM.xt/:=m, we know from 




ia (IS), tliat ni = r. ( _ t and as we mode x g^(-^\ we 

ling values in above; 

..v.(i:)=.(j;).. 



Formuli 

have, inserting values in abov 
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Having thus shown the basis of the graphical method of analyzing 
transverse strains, we will now give the actual method without wasting 
further space on proofs. 
86voral Oonoan- ^^ there are three loads tr, w^ and tr„ on a beam 

trated Loads. ^ ^ (Fig. 151) we proceed as follows : at any conven- 
ient scale — to be known as the pounds-scale — lay off in pounds, 
d c= M'„ ; also c 6 == m;, and ba^w. Let A B = l measured in inches - 
this scale being called the inch-scale. Now select pole x at random, 
Strain Diagram, but at a distance (measured with pounds-scale) 

a: y = r --r ) = the safe modulus of rupture of the material. Draw x rf, 

xc, xb and xa» Now begin at any point G of reaction q, draw G F 
parallel d z, till it intersects vertical u?„ at-F: then from -Fdrawi*'^ 
parallel c a: to vertical w, ; then draw E D parallel J x to vertical 
V3 ; and then D C parallel a x to reaction p. From C draw C G, and 
through X draw x o parallel C G, 
Reactions. AVe now have ihe following results : 

orf = reaction q (measured with pounds-scale.) 
aor=. « jy " " " " 

any vertical through figure C D E F G C, (measured with iuch-scale) 
gives the amount of r = required moment of resistance in inches, at 
point of beam where vertical is measured. The longest vertical 
passes through the point of greatest bending-moment in beam. Mul- 
tiply any vertical (in inches) with x y (in pounds) to obtain amount 
of bending-moment at point of beam through which vertical passes. 

Moment of or we should have : r = y (92) 

Resistance. ^ "^ 

Where r = the required moment of resistance, in inches, at an}' 
point of beam, provided pole distance x f/ = ( — -\ 

Where v = the length (measured with inch-scale) of the vertical 
through upper figure C D E FG C at i>oint of beam for which r is 
sought. 
And further : 

Bending- m = i'.xv (03) 

moment. "^ ^ 

"NATiere 7/i = the bending moment at any jK)iut of beam in ])ounds- 
inch. 

Where 17= the same value as in Formula (1)2) 

"NVliere X »^ = the length, (measured with ]>onnd-seale) of distance 
of pole X from load line, in upper strain diagram x a d. 
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If now we draw horizontal lines through <f, c, b and a ; and through 

o the horizontal line for horizontal axis ; and continue these lines until 

thej intersect their respective load verticals ir„, tr, and tr, the shaded 

figure 0, H IJ KLM N 0, will give the vertical shearing strain 

along beam. Any vertical (as 7i, S) drawn through this figure to 

horizontal axis and measured with pounds-scale, gives the amount of 

vertical shearing at the jDoint of beam (/2) through which vertical is 

drawn. Or, 

Vertical Croas- _ ,« . x 

shearing. * — ^» v^*/ 

Where s = the amount of vertical shearing strain in pounds, at 
any point of beam. 

Where v^^ = the length (measured with pounds-scale) of vertical 
through figure O^HIJ K L M N Ot dropped from point of beam for 
which strain 8 is sought. 

We now divide G C into any number of equal parts — say twelve 
in our case — and begin with a half part, or 
Gtol = 12toC=^. GC; also 
lto2 = 2to3 = 3to4 = 4to5,etc. = ^. G C 
and make the new lower load line gc with inch-scale so that 

Deflection „ to I = length of vertical 1 e 

Diagram. '^ ° 

further I to TI = length of vertical 2/ 

" 11 " TII= *' " " 3/i 

" III '- IV = " " " 4 I, etc. untu 

'' XI *' c = " " ♦' 12 ^• 
Now select arbitrarily a pole z at any distance zj from load line g c. 

Now draw below the beam where convenient (say I. Fig. 151) 
beginning at 7,, the line 7, c^ parallel g z till it intersects the pro- 
longation of 1 e (from above) at c, ; then draw e,y, parallel I z 
till it intersects vertical 2 /at/,; and similarly draw / A, parallel 
II z\ also //, /, parallel III c, etc., to 7«, k\ parallel XT z and finally 
/*, c, parallel c z. The more part? (/,) we divide the beam into, the 
nearer will this line 17, e,/ ?», k\ i\ approach a curve. The real line 
to measure (lellectioiis would be a curve with the above lines as tani^- 
ents to it; we nee<l not, however, bother to draw this curve for prac- 
tical work. Now draw r, //, and ])arallel thereto z o. Divide r/, r, 
at o„ so tbat^: 7, o„: r, o„ = c o: 70, then will o„ be the point 
of greatest deflection aloni:: beam. This will be further proven by 

' Note that the division of the line giOii c, is the reverse of the division of the 
line i) o c. 
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tii« fact that the greatest Tertical (in lower figure I) will pam through 




o„ if tlie real curve were drawn. The figure g,e,/,li,i,m,k,e,g, 
will measure the amount of deflection of beam at all points of 
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beam. The deflection at any point of beam being proportionate to 
length of its vertical through lower figure L The amount of this de- 
flection will be 

Amount of De- / ^ \ 

flection, Dafi- v I zi V7 ) (95) 

nltePoloDls- g == lilfilfillZJl ^ ^ 

tance. ^* t. 

AVhere = the deflection, in inches, at any point of beam, if pole 
distance of upper strain diagram {xy)=z(-^\ 

Where v, = the length of vertical, in inches, dropped from said 
point through lower figure I (see Fig. 151) 

Where /, = the length, in inches, of each equal part 1 to 2, 2 to 8, 
3 to 4, etc., into which beam was divided, [in our case /t= t^ '•] 

Where t = the moment of inertia, of cross-section at said point, in 
inches. 

Where 2/= the distance (measured with inch-scale) of pole z from 
load line in lower strain diagram. 

Where /^-^j = the safe modulus of rupture, per square-inch, of 

the material. 

Where e = the modulus of elasticity, in pounds-inch, of the 
material. 

If we were to so proportion the beam that the moment of resis- 
tance at each point would exactly equal the required moment of re- 
sistance as found above, we should have : ^ 

( k\ 
Deflection vary ^ » • V "?■ J 

Ing Cross- S ^ r,. I,, zj. \J/ /ggj 

section. d 

u. -. e 
2 

Where 8, t'„ zj\ ( ^ )» ^ *^tl / same value as in Formula (95). 

Where r = length of corresponding vertical in upper figure 
C D G E Cy (to vertical i\ of lower Fig. I) to be measured in inches. 

AVliere -== one-haK the total tlepth of beam, in inches. Had we 

not made x i/ = ( ~^\ we should have 

Deflection Pole y 7 . zJ. x y. 
Distance arbl- X = — i— ! — ^ ^ ,o-v 



» This would be the greatest possible deflection. If the beam were not so pro- 
portioueU, but of uniform oros»-sectiou throughout, the deflection would be less. 
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• 

Where §, v„ /„ e, z Jy and i same value as in Formula (95). 

Where x y=z the length of pole distance from load line in upper 
strain diagram, measured in pounds. 

The same formulas and methods could be applied to cantilevers, 
but for these the arithmetical calculations are so very simple that it 
would be taking unnecessary trouble. 

A few practical examples will make all of the foregoing more clear. 

Example L 

Slnffle ooncen- -^ Georgia pine girder A B of 20'/oot span carries 
trated Load. « load w, of 2000 pounds b' 0" from right reaction B, 
What size should the girder he t 

We draw (Figure 152) il JB=:240" at inch-scale, and locate w^ at 
60'' to the left of B, Now draw a vertical line b a = 2000 pounds at 
pounds-scale. Select point x anywhere, but distant x y = 1200 

pounds. (1200 pounds being = f^_pj or the safe modulus of rup- 
ture, per square-inch, of Georgia pine). Draw x b and x a. Draw 
verticals through Ay U7, and B. On vertical A begin at any point C, 
draw C E parallel x a, till it intersects verticals w^ at E ; then draw 
E O tjHit intersects vertical B at G, Draw G C and o x parallel to 
G C. We scale o 6, it scales 1500 pounds, so this, is the reaction at 
B. We scale a o, it scales 500 pounds and this is the reaction at A. 
The longest vertical through C E G is vertical tr^ therefore greatest 
bending-moment is at U7, which we know is the case. We scale E D 
at inch-scale, it scales 75 inches, therefore the (greatest) required 
moment of resistance will be at tr, and will be Formula (92). 
r=75. 
From Table I, section No. 2, we know for rectangular beams, 

r = -^, therefore ; 

-^ = .5, or 

6.J« = 450. 
We will suppose the girder is not braced sideways, and needs to be 
pretty broad ; let us try h ^ 5", we have then : 
5.</' = 450 or 

(/«=1|? = 90 and 
5 

(/ = 9, 5" or the girder 
would have to be b" x 9^" or say b" x 10". The bending-moment at 
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IT, is, of course, Formula (93) = E D. x y =z 75.1200 = 90000 
(pounds-inch). 

Had we calcuUted arithmetically, we should have had, Formulas 
(14) and (15) : 

reaction ^4 =-^. 2000 = 500 pounds. 
240 ^ 

" B = ^. 2000 = 1500 pounds. 

Bending moment at tr, would be (right side) Formulae (28) and 
(24). m^, = 1500.60 — 0.2000 = 90000 (pounds-inch) or check 
(left) side m^, = 500. 1 80 — 0.2000 = 90000 (pounds-inch.) There- 
fore required moment of resistance, Formula (18) 

90000 .- 

r = = io. 

1200 

or same result as graphically. 

By drawing the horizontals from b between verticals B and t/r, ; 
from a between verticals A and w^ ; and from o between verticals A 
and B we get the etched figure for measuring vertical shearing 
strains. We see at a glance that the shearing to the right of load is 
equal to the right reaction, and is constant at ail points of right side 
of beam ; while on the left side of load it is equal to the left reaction, 
and is constant at all points of the left side of beam. And this wo 
know is the case. We need not bother with shearing, however, for 
we can readily see there is no danger. For even immediately to the 
right of the load, the weakest point in our case, we know that one- 
half of the fibres of cross-section arc not strained at all, or we should 

5 10 
have one-half of area or -^^ — =25 square-inches to resist 1500 

pounds of shearing, or -^^- = GO pounds per square-inch, while the 
safe resistance, per square-inch, of Georgia pine to shearing across 
the grain is (Table IV) ( -^- j = 570 pounds. 

There is, however, some danger of excessive deflection ; we draw, 
therefore, the figure c,/, 7, by dividing the beam into ten equal parts, 
beginning and ending with half parts at the reaction, (each whole 

part being 24" long, or /, = ^= 24") 

We draw the verticals through these parts and get their lengths 
through figure C E G. 'i'liese lengths we carry down in their proper 
succession on the load line gj c of the lower strain diagram, begin- 
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2Iil 



ding at ibo top wiih the right vertical 1, putting immeiJiately UDder 
this the length of eueond vertical 2, then 3 and so on till ^c^Bum 
of lengths of all ten vcrtieala through C E G. We doit select z at 
random (ia our ca«e 120 inches from load line or zj^l20"). We 
now draw lines from i to ^ I, II, III, etc., to e. Construct figure 
g, f, ", bf beg^oing at g, drawing Uno parallel to x ^ until it intersecli 




prolongation of first Tertical 1 ; then Ijno parallel tosi till it intersects 
prolongation of second vertical 2, etc. We now draw z o parallel 
c, (T,. We scale go anil find it scales 322", also eo which scales 162"; 
we divide c, f, at/, so that 

c.f:fg,= 2ii: 16?. 



CairjlngTBHicaiyyi tlirough figure wc find U Bcalca(vj = 
tinuiDg//, up to bukm It giv^s ub point J^ as (iiu puiat of greatest de- 
fleciioD, we find A F Kales 1S&". Had we used Forniiila (IS) we 

thould liavelocucd/'at adUEADCL'Crom A or A F^^j 

= 134, 17". So tliat we Lave a sufiiL-icnlly accurate result. 

For tbo ftmount of deflection at F wc use Formula (95) ; we know 
6.10'_ 



ihu (Table I, SecUon No. l)i=^= 
Georgia pine f— rj;=l!00 pounds. 

e=120(J000 (indi-ponnds.) 

t.=n" 

tj^ViO", therefore: 
g_ ]17. 2 J. 130. 1200 
1300000. 41T 
= 0,808" 
Had we calculated tha doflection 
had: 

reuembering tiiat n^lSO" and 
300" 

S SOOO. 180. GO. 800 



= 417, further for 



by Formula (41) we •bould luve 
1 = 60" Bndl + n = 240-f S0 = 

luo. soo 



8,240. 1200000. -117* 



Which proves the accuracy of the graphical method. 

For a beam of 20 feet span the delinetion not to crack plastering 
should not exctcd, Formuli (28). 
8=20.0,03 = 0,6" 

Therefore, if our beam siijiports a plastered ceiling, it must be re- 
designed to be stiffer. Either inadu deeper, in which case it tan be 
thinner, if braced sideways, or it can be thickened eufficiently to re- 
duce the deflection, see Formula (31). 

ExampU II. 
Single centre A hemlock girder A B {Fig. 153) o/ lS-/oot span, 

loa*"- eQrr!>s a centre load la of 1000 pounds. What siu 
should Ike girder be J 

We make A B^=192" at ir.r'h scale; locate m at its centre F; 
makodoat any scale — {])ounds-Ecalc) — equal 1000 pounds. Se- 
lect pole X distant, ij(=750 pounds, from load line b a, (as 750 
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pounds=r— . j the safe modulus of rupture per square inch of hem- 

lock). Dravir xh and xa. Begin at G^ draw G E parallel & x to 
vertical through load, and then draw E C parallel a x. Draw C G 
and then x o parallel C Gy we find that o bisects ha or a o= o b =500 
pounds. Each reaction is therefore one-half of the load ; this we know 
is the case. Greatest line through C GE vre find is at 2> £J, so that 
greatest bending-moment is at load; this we know is the case. DE 
scales 64'' at inch-scale, therefore the required moment of resistance 
for the beam is, Formula (92) : 

r = 64. 
and the greatest bending-moment at load, Formula (93) : 
mw = 64.xy= 64.750 
= 48000 
Had we calculated arithmetically we should have obtained the 
same results, for Formula (22) 

and Formula (18): 

^ 48000 .. 

760 

Now from Table I, Section No. 2, we know that for rectangular 

sections : 

b.d^ 

6 
b.d^=i 64.6 = 384. 

If we assume the beam as 4" thick, we have then : 

4.d«=384. 

£/2=??l = 96or 

d = Joe =9,8" or we will make the beam 4" x 10". 

We draw the figure Ot II J K N for shearing and find it is con- 
stant throughout the whole length of beam and equal to length 0, H 
or N measured at pounds scale, or 500 pounds. This is so small 
we need not bother with it. 

To obtain the deflection diagram we divide G C into eight equal 

192 
parts, each part /, =: — - =: 24" and begin at each end with half 

o 

parts, drawing the eight verticals through C E G. 

Wo lay off their exact lengths in proper succession on the lower 
load line g c, beginning at the top with the right vertical. Select 
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pole a at random, io tliis casu distant from load lino z^^lSO". We 
now draw the figure c, g,/, auU find greatest deflection is at its cen- 
tre/^; for z o parallel c, g, bisecta^c. We scale//, at inch icale 




't deflection of beam a 



-. (Tabic I, Section No. 2) i=t}z. = 
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(Table IV; e == 800000 

3^ 44.24.180.7 5^^ 

^ 800000. 33.*^ ' 

Had we calculated the deflection arithmetically from Formula (40) 
we should have had : 

8 = l.ii^^5:ill'- = 0,543" 
48 800000. 333 * 

or practically the same result. 

If the beam supported plastered work the deflection should not ex- 
ceed, Formula (28) 

8 = 16. 0, 03 = 0,48" 
Still, unless wc were very particular, the beam coidd be passed as 
practically stiff enough. 

Example III. 

Two concen- A white pine beam A B Fig, 154, ofl2foot span 

trated loadSi cQ^ri^g if^Q loads, one w^ = ^00 pounds, four feet from 

left support, the other u'„ = 1200 pounds, two feet from right support. 
What size should the beam be f 

Make ^ -B at inch scale = 144 inches, locate tr, so that A «;,= 48", 
and w^^ so that B w„ = 24". At any (pounds scale) make b c= 1200 
pounds and c a= 800 pounds. Select pole x distant from b a ; 
xy = 900 pounds, the safe modulus of rupture per square inch of 
white pine ; draw xb, xc and x a. Construct C DE G parallel to 
these lines. Draw C G, and parallel to same xo, then will a o = 7S3 
pounds be reaction at /l, and o6=12G7 pounds be reaction at B. 
We scale vertical D iV at tt?,=39" and T^ at tt7„=35", therefore 
greatest bendinj^-moment is at w, and Formula (93) 
mw, = 39. 900 = 35100 

Further, the required moment of resistance at w^ Formula (92) 
will be : 

r = DiV=39. 

Now from Table I, Section No. 2, 

r=---, or 


6.<f2 = 6.39 = 234 
Now if 6 = 3" we should have 

J2=?|i=78and 

d =t/T8 =: say 9", or the beam would need to be 3" x 9". 
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We should have obtained practically the same results arithmeti- 
cally, for : FormulsB (16) and (17) : 

^ 800.96 , 1200.24 „„„ 
Reaction at A = . . . — r — iTT" = ^^^ 

-. ,. „ 800.48 , 1200.120 ,^,, 
Reaction at 5= -r^-; — r-ri — = 1267 

144 144 

check : ^1 -f i? = U7, -f U7„ = 800 + 1200 = 2000 pounds and 
733 + 1 26 7 = 2000 pounds. 

Beginning at B we have to pass over load tr,, (1200 pounds) and 
on to w^^ before passing amount of reaction i^ (1267 pounds) there- 
fore greatest bending-moment at u)^, We know from Formula (24) 
it would be : 

mw.= 1267.96 — 72.1200= 35232 
and check from Formula (23) 

mw, = 733.48 — 0.800 = 35184 

being near enough for practical purooses. From Formula (18) we 

should have had : 

r = 2^184 ^39 09 
900 ' 

We now draw the shearing diagram OfHIJKLMOf&s shown 
in Figure 154, and find the amount of shearing 
from A to Wt=zOt H= 733 pound.^ 
from IT, to tt7„ = / S = 67 pounds, 
from «7„ to -B= 3/ 0= 1267 pounds. 

We can overlook it, for even at the weakest point of beam for re- 

8 9 
sisting cross-ghearing we have half the area, or-^ = 13J square 

inches. 

White pine will safely resist 250 pounds per square inch in cross- 
shearing (Table IV) or the beam would resist. 

13 J. 250 = 3375 pounds at its weakest point for cross-shearing, 
(viz.: at t^,) and twice as much at the reactions. 

To find the deflection we divide G C into eight equal parts, begin- 

144 
ning with half parts (or /, = w^= 18") and draw the verticals 

8 

through C D E G. We now make the lower load line g c equal the 
sum of these verticals, beginning at the top with the right vertical. 

Select z distant from g c (the load line) zj^=. 108". Draw 2^, zc, 
etc., and construct g, c^f^ as before. 

We draw z o parallel r, ^,. Now g o measures 116 inches and o e 
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108 inches, therefore divide c, ^, at/* so that : 
ej:fg,=z 116: 108 
Carrying the vertical//, up to point Fot beaiDi we find the point 
of greatest deflection F, where 

B F= 69J" and A F= 74^" 
We find//, scales 42", remembering that (Table I, Section No. 2) 

t = ^= 182, and that for white pine Table lY e=s 850000 pounds 

we have Formula (95) : 

c^ _ 42. 18. 108. 900 __ ^ . ,,/y 

^ 850000 .182 ' 

Had we attempted to get this result arithmetically by inserting the 

values in Formula (41) (and remembering that n is always the nearer 

support, or in our case respectively 48" and 24", while m respectively 

96" and 120") we should realize the advantage of the graphical 

method, for : 

_ 800.96.«.(14« + «8). v/ggi<li|±ia + ,aH,9e.4^(n«+a4).V^IifI^ 

^—^ 9.144.850000.182 

If we figure out the above tedious formula we should have 

8 = 0,422" 

or practically the same result as we obtained graphically. 

The safe deflection, were the beam to carry plastering, should not 
exceed Formula (28) 

8=12.0,03 = 0,36" 

Our beam is therefore not nearly stifE enough, and we must make it 
thicker ; or else if we wish to save material, we will make it thinner, 
but deeper ; and then brace it sideways, see Formula (SI). 

Example IV* 

Five Conoentra- A spruce girder A B of X^fooi span carries five 
ted Loads. ^^^^^ as shown in Figure 155. What size should the 
girder be f 

We draw ^4 5 = 21 6" (inch scale) ; further 

5a= 2700 pounds (sum of loads at pounds scale) ; make 

5 A = t^T =540 pounds, 

A c = U7,v = 180 pounds, 

ed = w„t = 360 pounds, 

dc=tr„ =720 pounds, and 

ca=:zWt = 900 pounds. 
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Fig. 155. 
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Select X distant x y=. lOOO pounds from 6 a, (as 1000 = ^ -^ j for 

spruce) see Table IV). Draw xh^xh, xe, etc., and figure C D G, 
Draw xo parallel C G; it divides load line as follows : 
a 0= 1580 pounds or reaction at A. 
o& = 1120 pounds or reaction at B, 
We find longest vertical through C DG, is at load tr„, therefore 
greatest bcnding-moment on beam at u;„ ; now D E scales 70^'', there- 
fore Formula (93) : 

m^„ = 70J. 1000=70500 
and Formula (92) 

rr=70, 5 
From Table I, Section No. 2 

r = -V = 70, 5 and if 6 = 5, we have 
o 

5.cr* = 6. 70,5 or 

(/a=84,6and 

d = J84, 6=9»2" or say 10" which is the nearest size 

larger than 9,2", and of course wooden beams are never ordered to 
fractions of inches. 

Had we worked arithmetically we should have had practically the 
same results. 

From FormulsB (16) and (17) we should have had: 
reaction at ^1 = 1580 pounds, 
reaction at JB = 1 1 20 pounds. 

From rule for finding greatest bending-moment we should have 
located it at tD^^ and then had Formula (23) 
mw„ = 1580. 72—48.900=70560 
and from Formula (18) 

r=!^5^=70,56 
1000 

We now draw the shearing diagram O^HIJKLMNP and 
find as follows : 

Cross-shearing A ioWt=zHO^= 1580 pounds. 
Cross-shearing w, tow„=zJ K^ 680 pounds. 
Cross-shearing w„ to Wiu=^ I^L = 40 pounds. 
Cross-shearing «?,„ to tTgy = Af i? = 400 pounds. 
Cross-shearing w^y iow^ =zN S=z 580 pounds. 
Cross-shearing t^y to ^ = P = 1120 pounds. 

We need not bother with it, therefore. For deflection we now 
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216 
divide C G again into eight equal parts, (or /, = -—-=27") beginning 

o 

with half parts at C and G, We now make lower load line gc^=. 

tlie sum of the eight verticals, putting the right vertical at the top 

from g down. We select pole 2 at a distance zj = 120" from ^c and 

draw zffy zCf etc. We construct figiire g^/^ c, and draw zo parallel to 

^i ffi' W® DOW diviJe i?, g^ at/, so that 

<7,/: fc\ = coi og, carrj-ing//! up to beam, we have the point 

Ff distant 102'' from By and 114" from A, which is the point of 

greatest deflection. We find that//, scales 102", remembering that 

c== 850000 for spruce (Table IV), and that t = ^l^* = 417 (See 

Table I, Section No. 2) we have, Formula (95). 

g ^ 102.27.120.1000 _ ^ gg„ 
850000.417 ' 

This would be too much for plastering, for if the girder supported 
plastering, the deflection should not exceed Formula (28) 

8=18. 0,03 .= 0,54" 

We must therefore deepen the beam very materially. 
We use Formula (31), 
__ 1 

In our case it would be 

x= ^ = ^ =0,0002 
5.103 5000 ' 

Supposing we were to make the beam 4" x 1 2", then we should 

have 

a: = —1-^ = 0,000144 

The deflection of the latter, then, would be 
g: 0,93 = 0,000144; 0,0002 or 

8 = Q> ^3. 0,000144 ^Qgy,; g^jjj ^ j^ j^ deflection. 
^ 0,0002 

Were we to make the beam 3" x 14", we should have : 

x=—L_== 0,0001215 
3.148 

The corresponding deflection for this beam would be : 
8: 0,93 = 0,0001215: 0,0002 or 

cv _ 0,93. 0,0001215 _Q g ,, 
^ ~ 0,0002 * 
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or just about what would be required in the way of stiffness. 



Ar 



®@^®^®(^@© 







.niijuiiliiinjiii 



Fig. 156. 

Had we used Formula (05) we should have had, remembering that 
now 

12 



8 = 



102.27.120.1000 



= 0,568" 



850000. 686 
■bowing that we have made no mistake in applying Formula (31). 
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If we have any doubts as to whether a 3" x 14" stick is as strong as 
a 5" X 10" we use Formula (30) and have for the former 

a: = 3. 142 = 588 
while for the latter 

x = 5. 102 = 500, 80 that the 3" x 14" stick is actually 
rnuch stronger, as well as much stiffer than the 5" x 10". It is, how- 
iivcTf a very thin beam, and would be apt to warp or twist, unless 
braced sideways about every five feet of its length. 

To attempt to get the deflection of the girder arithmetically would 
be a very tedious operation. It could be done, however, by inserting 
in Formula (41) the different values for n and m, remembering every 
time to make n the distance from each weight to the nearer support 
to respective weight, and m the distance from same weight to the 
further support. 

Example V. 

Uniform Load. A, wn^aght-iron beam of 25'foot span {Figure 156) 
carries a uniform load of 800 pounds per running fool of beamy in- 
cluding weight of beam. The beam is thoroughlg braced sideways. 
What beam should be used t 

We draw A B = ZOO" at inch scale, and then divide our uniform 

load into a number of equal sections, say eight, each 

, 300 0-1//1 
/,= _ = 3/fMong. 

The total load on beam is 

u = 25. 800 = 20000 pounds. 
Each section therefore carries : 

u 20000 o-AA 1 

- = = 2o00 pounds. 

o 8 

We place our arrows i/7„ w^^, etc., at the centre of each section, 

which will bring the end ones at ^ distant from each support, so that 

these same verticals will answer when obtaininjj deflection figure. 

We now make ^ a = 20000 pounds at pound scale, and divide it into 
eight eciual parts, each e([ual /d', = ?r„ = tr,,, etc.,= 2500 pounds. We 

make J:y= 12000 pounds, wliicli is tlief -; j for wrought-iron, see 

Table W. We draw x 6, a: (7, etc., and construct figure C E Gy 
which will approach a parabola in outline. The more parts we take 
the nearer will it be to a ])aral)ola. 

We draw x o })arallel C G ami find it bisects 5a, or each reaction 
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is one>lialf tho loa^l or= 10000 pounds. This we know is the case. 
The longest vertical will, of course, be at the centre 2> of C G^ or 
greatest bending-moment will be at the centre, this we know is the 
case. D E scales (inch scale) 62^" which will be the required r or 
moment of resistance (Formula 92). The bending-moment at the 
centre will be, Formula (93). 

m=62J. 12000=750000 
Had we used Formula (21) we should have had 

m = = 750000 or same result, and from For- 

mula (18) for 

r= __±__. = 62J also the same as before. From 
12000 * 

Table XX we find the nearest r to our required r (62,5) is 69,8 

which calls for a 15" — 150 pounds beam; as the beam is braced 

sideways this will do, if sufHciently stiif. 

In regard to shearing, we draw the fiji^re OtHIJKLMNP 
R S and find shearing on both sides of beam similar, increasing 
gradually from the centre to cnds.^ 

It would be : 
Cross shearing from A tow, = 0, // = 10000 pounds. 
Cross shearing from w, to to„ =z T I = 7500 pounds. 
Cross shearing from to^^ to tr,„ = V J = 5000 pounds. 
Cross shearing from M7,„ to w^^ =z L K = 2500 pounds. 
Cross shearing from w^^ to tr^ = = pounds. 
Cross shearing from w^ to tCy, =z M N ==z 2500 pounds. 
Cross sheering from ttv, to Wy^^ = P P^= 5000 pounds. 
Cross shearing from Wy„ to aJvm =^ It 11^= 7500 pounds. 
Cross shearing from mJv„, to -B =z S = 10000 pounds. 

The area of web of a 15" — 150 pounds beam (Table XX) is 
7,59 square inches; the safe resistance of wrought-iron to cross- 
shearing per square inch being T -^ j = 8000 pounds, we need not 

worry any further on that score. 

To find the deflection we now make the lower load line g c equal to 
the sum of the lengths of verticals Wy,,,, «Cy,„«7y„ etc., through parabola 
CE Gf beginning at top g with length of right vertical t^y,,,. We select 
z at random, scale zj = 246" (inch scale), draw zg,zcy etc., and figure 



> Had we taken more partB, the steps in shearing figure would become smaller 
and smaller till they would finally assume tho straight line // 6\ which ia the 
real outline of shearing figure. 
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Ci/i9f ^^ ^^^ draw zo parallel c, ^, and find it bisects ge, or 
greatest deflection will be at centre of beam, which we know is the 
case. We scale//, = 6 2" (inch scale); find from Table XX for 
our 15'' — 150 pounds beam t = 52S, 5 and from Table IV for 
wroughtriron e = 27000000, therefore, Formula (95) : 

CN_ 62.87, 5. 246. 12000 _ ^ .gg;; 

"— 27000000.523,5 ' 

Had we figured arithmetically, Formula (39), we should have had 

c> 5. 20000. 800« __ Q .gy„ 

^""384.27000000.523,5"" ' 
or practically the same result. 
The safe deflection for plastering should not exceed (28) 

8=25.0,03 = 0,75" 

fo that we are perfectly safe, providing our beam b well braced 
tideways. 

Example VL 

Uniform and A torought-iron bearOj braced sideways, of BO-foot 

Load. spaUf Figure 157, carries a uniform load of 200 

pounds per foot, including weight of beam. It carries also a concen- 

trated load w^=z lOOOO pounds ten feet from the right-hand supports 

What beam should be used t 

We draw beam A £=360" at inch scale, we divide uniform load 
into, say, six equal parts, each 5 feet long, or /, = 60". The total 
uniform load will be u = 30.200 = 6000 pounds, therefore each part 

-- = =1000 pounds. Wo draw arrows at the centre of each 

6 6 ^ 

uniform part, so that the end arrows will be one-half part from sup- 
ports. These arrows will therefore answer for our verticals, when 
drawing deflection figure. 

At 120" from right hand support we locate the load 10,= 10000 
pounds. 

Wo now make load line 6 a = 16000 pounds the total load and 
divide it, 8u that 

b l = tCy^^^=^ 1000 pounds. 

I h = Wy, = 1000 ]>ounds. 

hf= IT, = 1 0000 ix)unds. 

fe = tPr ^ 1000 pounds. 

ed = fr,T = 1000 pounds, 

</ (• = w^,^ = 1000 iK>unds. 

ca = w^^ = 1000 jKurnds. 
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Select pole z distant from load line at random (for the sake of il- 
lustration, though it would be better to make a?y=( ^] := 12000 

pounds.) We find xy scales 6500 pounds. yfenowdTB,wxb,xl,xhyX/f 
etc. And construct figure C E G. Draw xo parallel C(? and we 
find a (or reaction A) scales = 6383 pounds, and o b (or reaction B) 

scales = 9667 pounds. 

The longest vertical is DE=1QV' (inch scale) therefore greatest 
bcnding-moment is at w, and from Formula (93) 
fWw,= 161.6600= 1046500 

For the required moment of resistance we have from Formula (18) 

1046500 , g 
12000 

The cheapest or most economical nearest section we find — to this 
required r (87,2) is the 20" — 200 pounds beam of which the moment 
of resistance is r= 123,8. 

Had we combined the formulsB for uniform and concentrated loads 
and worked out the problem arithmetically it would have been 
tedious, but we should have had similar results. 

We can safely overlook shearing, but note that the real shearing 
figure would not be the shaded figure, but dotted figure 0, HIJK O 

For finding the deflection we now draw lower load line ^ c = the 
sum of the verticals through CE G, beginning at top with length of 
Wrtii then U7t,> t^v» w^iv» «?«,» and m?„ in their order. AVe take no notice 
of vertical er, as it does not fall in one of the even divisions oi C O 
or A D into lengths /,. We select pole z distant 2/= 288" from load 
line, draw r<7, zc^ etc., and then figure Cjf.g^* We now draw 2 o 
parallel c, (7, it divides g c, so that go = 295" and o c = 245", we di- 
vide c, <7, in same proportion at/, and carry this up to JP at beam, 
wliicli is the point of greatest deflection of beam, and is distant 163" 
from /i, and 197" from A, AVc scale//, = 106" (inch scale) and 
have from Formula (97) 

S __ lOG. GO. 288.G500 __ ^ gg^,, 
^■~ 27000000.1238 "" ' 
1 238 being = i, the moment of inertia of beam as found in Table 
XX. The beam is therefore amply stiff even to carry plastering. 
Irregular Cross- The graphical method lends itself very readily to 
sections, finding centres of gravity and neutral axes, as ex- 
plained in the chapter on arches, and also for finding the moments 
of inertia of diflicult cross-sections. 
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If we have an irregular figure ABODE (Figure 158) we divide 
it into simple parts I, II, III and IV. We find the centres of 

To find Neutral gravity g,, ^„, 
^"'•' Oxn and g,r of 
each part and draw their re- 
spective horizontal neutral axes 
through these. Anywhere's 
make a line ae=arca of whole 
figure and divide it, so that : 
a 6= area of I 
5c=area of II 
c£?=area of III and 
rftf=areaof IV. 
Select pole x at random, draw 
XQy xb, xcj xd, and xtf. 

From any point of horizontal 
g^ draw fh parallel hx till it in- 
sects horizontal g^^\ then draw 
'■ * lij parallel c x to horizontal <7,„ ; 

To find Moment t^en/ k parallel {/z to last horizontal, and finally ko 
of Inertia, parallel xe\ And fo parallel ax till they intersect 

at 0. A horizon- 
tal through o is 
the main neu- 
tral axis of the 
Tvholc.i If we 
multiply tlie area 
of the figure 
fokjh by the 
area of the figure 
ABCDEQyoih 
in square inches) 
we have the 
value of moment 
of inertia t of 
ABODE in 
inches, around 
its horizontal 
neutral axis o. 




2 



/c*I« af l*t«K«> 



Fig. 159. 



> The point of intersection of this line with a main neutral axis, found similarly, 
in any other direction, would he the centre of gravity of the \rhole figure. 
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A timple way of obtaining the area of ilie tz^rafok n 
Tofinaar«M> lirnw harinjntal lioca through ii at iqual d 
U-gianing vitii b>U dUtnaccs at fo/i and botiom, tuiil to mall 
viiiu of tlicoi liiirisontalit in Ii-ngih by tiie diiloncc apnrl of SRjr 
two Lorisontal», nil mcMun-mi'Dta in iaclies. Thin iriU npproximat« 
quite clowiy bolh thn ctreA aiid tncmi'iit of inertia. Of counn the 
tnnra parts wn Inko in all of tho proeeAUia, llie vtOKr will Im our 

A practii.-al cxnmplu will more fully iUuitrato the aboT«. i 

Ezample VI t. 
Moiled D«ck- ^'"'f hnrkonlat neiUral aat and eht carreiponiimg 

•>•»■"■ momrnt of inertia of a 7" — 56 pound* ptr i/ant dick 
beam, retting on ili Jlal flange {Figure 159). 

Wo wii! Inks ibo roll u one part, divide tho web Into foiir eiioal 
parts, tbo Qungo into two part;!, ddq tlio baw which will bo pracU- 
cally rectanguUr, »nJ ita uppur part urhiuli will be practiciilly tr> 
»ngular. Tin' whole area we know is tor wroughl-iroQ : 
a^'jr:=G,S square inches. 

Tbe bottom rectangular part of flange will be 
o,„ = 4J,| = I,7 Btiiinra inches 
Dcxt trinn^'iiliir [mrt 

«., = !U = 0,9 
•' 2 

Tbe web parts 

a„^a„,^a,^:=^a,^= — - — :=0,4 square inches each. 

Leaving for (he roll at top a,= 1,S 

Wo now make the Lurizoiilal line aA^5,6'' and divide it, bo that 
afi=il,3 indies 

6c^crf=Je = e/^:0,4 inches 
/p = 0,9 inches and 
gh^ 1,7 inches- 
Select X at random nnd draw xa,xb, xc, etc. 

Draw the horizontal neutral axes I, II, III, etc., through their r«- 
Bpoetive parts. Begin anywhere on I and draw _; A parallel hxta 
line II; then kl parallel ezlo III; then Im parallel J2 to IV; then 
tsn parallel ex to V: then np parallel /x to VI ; then pjr parallel 
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gz to VII ; Now draw from q the line q o parallel x A, and from J 
Horizontal ^^^ ^^^^ J ^ parallel a x till they intersect at o. A 

Neutral Axis, horizontal through o is the neutral axis of whole 
beam. We will now make a new drawing of figure j oq for the sake 
of clearness. Draw horizontals through it every inch in height be- 
ginning at both top and bottom with one-half inch. The top one 
scales nothing, the next ^'\ then J'*, then 1^", then 2\'\ then 1^", 
Area of DIa- ^"^ ^^^^ bottom one ^"y the sum of all being 6^^" 
gram, or 6,410". This multiplied by the height of the 
parts, which is one inch, would give us, of course, 6,416 square 
inches area. Multiplying this area by the area of the cross-section 
of deck beam 5,5 square inches, we should have 
1 = 5,5.6,416 = 35,288. 

Moment of In- ^^ Table XX it is given as 35, 1 so that we are 
ertlaof Beam, not very far out. 

If we had taken more parts, of course the result would have been 
more exact 

ReciucinK AVhen constructing plate girders of large size, 

Girders, much material can be saved by making the flanges 
heaviest at the point of greatest bending-moment, and gradually re- 
ducing the flanges towards the supports. 

This is accomplished by making each flange at the point of great- 
est bending-moment of several thicknesses or layers of iron, the outer 
layer being the shortest, the next a little longer, etc. Of course the 
angles, which form part of the flange are kept of uniform size the 
whole length, as it would be awkward to attempt to use different 
sized angles. Generally (though not necessarily) the inner or first 
layer of the flange plates, is also run the entire length. Of course, 
where the flanges are gradually reduced in this way, it becomes ne- 
cessary to figure the bending-moment and moment of resistance at 
many points along the plate girder to find where the plates can be re- 
duced. This would be a wearisome job. By using the graphical 
method, however, it can be easily accomplished. Referring back to 
Figure 151, we take the point of greatest bending-moment (at w,) of 
the beam A B, The required moment of resistance at this point, it 
will be remembered was the length (inch scale) of vertical E through 
C D E FG. AVe now decide what size angles we propose using and 
settle the necessary thickness of the flanges by Formula (36), insert- 
ing for the value of r, the length (inch scale) of t; or vertical at E, 
Furtlier a, will, of course, be the sum of the area of two angles, d the 
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total depth of girder in inches and b the breadth of flange, in inches, 
less rivet holes. The above is on the assumption that the distance 
xy of pole X from load line d a was equal to the safe modulus of rup- 
ture ( -^ j of steel or wrought-iron according to whichever material we 
were using, or we should have : 

Thickness of xr= ^ ^ ^ 

Flanges. b 

Where x=the thickness, in inches, of each flange of a plate 
girder at any point of its length. 

Where t; = the length of vertical, inch scale, through upper or 
resistance figure, providing we have assumed the distance of pole 

from load line (pound scale) = ( ->)of the material. 

Where d = the total depth, in inches, of the plate girder. 

Where 5 ^ the width, less rivet holes, in inches, of the flange. 

Where a, = the sum of the areas of cross-section, in square 
inches, of two of the angles used. 

Wc now calculate as above, the thickness x of flange at point of 
greatest bending* moment and then decide into how many layers or 
thicknesses we will divide the flanges. Say, in our case we decide to 

make the flange of four layers of plates, each - or one quarter x in 

4 

thickness. Then make 

E,E,,=a,.d (99) 

Where E^ J^„ = the amount to be substracted (inch scale) from 
moment of resistance or vertical v and representing the work of two 
angles. 

Where a, = the sura of the area of cross-section, in square 
inches, of the two angk'S. 

Whore d = the total (lei)th, in iiclies, of the girder. 
Where to drop Now draw through E„ a parallel to base of figure 

off Plates, c G, divide 2?,, E into as many parts as we decide to 
use thicknesses of plates (four in our case) and draw parallel lines to 
base C G through these parts. Vertically over the ])oints where 
these lines intersect the curve or outline of figure C D E FG will be 
the points at which to break off plates, as illustrated in drawing. 
This methotl, of course, is ai)proximate, but it will be found suffici- 
ently accurate for all practical purposes. It is not necessary that x 
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or E E„ be divided into e<|iial parts. Had wc decided to use plates 
of varying tbicknesM's we should simply divide E E„ in proportions 
to corres|)ond to thicknesses of plates in their proper orders bejjjiuning 
at E„ with plate immediately next to angles and ending at E with 
extreme central outside plate. An example, more fully illustrating 
the alxjve, will be given in ihe chapter on plate girders. 
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